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MASTER INDEX 

This index includes all devices in Motorola Linear's product 
line. Devices with//7fer/ace in the page number column are fully 
characterized in the separate Interface Data Book; however, 
selection characteristics are given in Chapter 7 of this volume 


for your convenience. 

Device 

Number Function Page 

AM26LS31 Quad RS-422 Line with Three-State Output. Interface 

CA3054 Dual Differential Amplifier.5-7 

CA3059 Zero Voltage Switch .6-6 

CA3079 Zero Voltage Switch .6-6 

CA3139 TV Tuning Circuit .5-9 

DS8641 Quad Unified Bus Transceiver .Interface 

HA1199 AM Radio Subsystem . 5-13 

LF155 Monolithic JFET Operational Amplifier.3-7 

LF155A Monolithic JFET Operational Amplifier.3-7 

LF156 Monolithic JFET Operational Amplifier.3-7 

LF156A Monolithic JFET Operational Amplifier.3-7 

LF157 Monolithic JFET Operational Amplifier.3-7 

LF157A Monolithic JFET Operational Amplifier.3-7 

LF255 Monolithic JFET Operational Amplifier.3-7 

LF256 Monolithic JFET Operational Amplifier.3-7 

LF257 Monolithic JFET Operational Amplifier.3-7 

LF355 Monolithic JFET Operational Amplifier.3-7 

LF355A Monolithic JFET Operational Amplifier.3-7 

LF355B Monolithic JFET Operational Amplifier.3-7 

LF356 Monolithic JFET Operational Amplifier.3-7 

LF356A Monolithic JFET Operational Amplifier.3-7 

LF356B Monolithic JFET Operational Amplifier.3-7 

LF357 Monolithic JFET Operational Amplifier.3-7 

LF357A Monolithic JFET Operational Amplifier.3-7 

LF357B Monolithic JFET Operational Amplifier.3-7 

LM101A General Purpose Adjustable Operational Amplifier.3-19 

LM104 Adjustable Negative Voltage Regulator .4-7 

LM105 Adjustable Positive Voltage Regulator .4-9 

LM107 General-Purpose Operational Amplifier.3-23 

LM108 Precision Operational Amplifier .3-27 

LM108A Precision Operational Amplifier .3-27 

LM109 Positive Voltage Regulator.4-11 

LM111 Voltage Comparator.Interface 

LM117 Positive Voltage Regulator.4-16 

LM117L Positive Voltage Regulator.4-24 

LM124 Quad Operational Amplifier.3-32 

LM139 Quad Comparator (Single Supply) .Interface 

LM139A Quad Comparator (Single Supply) . Interface 

LM140 Series of Positive Voltage Regulators .4-32 

LM158 Dual Operational Amplifier .3-38 

LM201A General-Purpose Operational Amplifier.3-19 

LM204 Adjustable Negative Voltage Regulator .4-7 

LM205 Adjustable Positive Voltage Regulator .4-9 

LM207 General-Purpose Operational Amplifier.3-23 

LM208 Precision Operational Amplifier .3-27 

LM208A Percision Operational Amplifier .3-27 

LM209 Positive Voltage Regulator.4-11 

LM211 Voltage Comparator.Interface 

LM217 Adjustable Voltage Regulator .4-16 

LM217L Adjustable Voltage Regulator .4-24 

LM224 Quad Qperational Amplifier.3-32 

LM239 Quad Comparator (Single Supply) .Interface 

LM239A Quad Comparator (Singe Supply).Interface 

LM258 Dual Operational Amplifier .3-38 

LM301A General-Purpose Operational Amplifier.3-19 

LM304 Adjustable Negative Voltage Regulator .4-7 

LM305 Adjustable Positive Voltage Regulator .4-9 

LM307 General-Purpose Operational Amplifier.3-23 
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MASTER INDEX 
Device 

Number Function Page 

LM308 Precision Operational Amplifier .3-27 

LM308A Precision Operational Amplifier .3-27 

LM309 Positive Voltage Regulator.4-11 

LM311 Voltage Comparator.Interface 

LIVI317 Adjustable Positive Voltage Regulator .4-16 

LM317L Adjustable Positive Voltage Regulator .4-24 

Ll\/I324 Quad Operational Amplifier.3-32 

LM339 Quad Comparator (Single Supply) .Interface 

LM339A Quad Comparator (Single Supply) .Interface 

LM340 Series of Positive Voltage Regulators .4-32 

LM358 Dual Operational Amplifier .3-38 

LM2901 Quad Comparator. Interface 

LM2902 Quad Operational Amplifier.3-32 

LM2904 Dual Operational Amplifier .3-38 

MC8T13 Dual Line Driver . Interface 

MC8T14 Triple Line Receiver with Hysteresis .Interface 

MC8T23 Dual Line Driver .Interface 

MC8T24 Triple Line Receiver with Hysteresis. Interface 

MC8T26A Quad Three-State Bus Transceiver .Interface 

MC8T28 Non-Inverting Bus Transceiver . Interface 

MC8T95 Hex Three-State Buffer/Inverter . Interface 

MC8T96 Hex Three-State Buffer/Inverter .Interface 

MC8T97 Hex Three-State Buffer/Inverter . Interface 

MC8T98 Hex Three-State Buffer/Inverter .Interface 

MC26S10 Quad Open-Collector Bus Transceiver . Interface 

MC26S11 Quad Open-Collector Bus Transceiver .Interface 

MC75S110 Dual Line Driver . Interface 

MC1302 7-Stage Divider.5-15 

MCI 306 1/2-Watt Audio Amplifier .5-17 

MCI 309 FM Stereo Demodulator.5-22 

MCI 310 FM Stereo Demodulator .5-24 

MCI 323 Triple Doubly Balanced Chroma Demodulator .5-32 

MCI324 Dual Doubly Balanced Chroma Demodulator .5-37 

MCI327 Dual Doubly Balanced Chroma Demodulator .5-41 

MC1330A Low-Level Video Detector .5-45 

MC1349 -IF Amplifier .5-51 

MC1350 IF Amplifier .5-56. 

MCI 351 TV Sound Circuit .5-60 

MCI 352 TV Video IF Amplifier.5-64 

MCI 355 Limiting FM IF Amplifier.5-69 

MCI 357 IF Amplifier and Quadrature Detector.5-73 

MCI 358 TV Sound IF Amplifier.5-79 

MCI 364 Automatic Frequency Control .5-84 

MCI 372 Color TV Video Modulator .5-88 

MCI 373 TV Video Modulator.5-96 

MCI 391 TV Horizontal Processor .5-99 

MC1393A TV Vertical Processor . 5-104 

MCI 394 TV Horizontal Processor .5-99 

MCI 398 TV Color Processing Circuit. 5-107 

MCI 399 TV Color Processing Circuit. 5-113 

MCI400 Precision Voltage Reference .Interface 

MC1400A Precision Voltage Reference . Interface 

MCI403 Precision Low-Voltage Reference .4-42 

MC1403A Precision Low-Voltage Reference .4-42 

MCI 404 Precision Low-Drift Voltage Reference.4-46 

MC1404A Precision Low-Drift Voltage Reference.4-46 

MC1405 Analog-to-Digital Converter Subsystem. Interface 

MCI406 6-Bit Multiplying Digital-to-Analog Converter . Interface 

MCI408 8-Bit Multiplying Digital-to-Analog Converter . Interface 

MCI 411 Peripheral Driver Array. Interface 

MCI 412 Peripheral Driver Array. Interface 

MCI 413 Peripheral Driver Array.Interface 
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MASTER INDEX 

Device 

Number Function Page 

MCI 414 Dual Differential Comparator .Interface 

MCI416 Peripheral Driver Array.Interface 

MCI 420 Differential Output Operational Amplifier .3-44 

MCI 422 Timing Circuit with Adjustable Threshold .6-11 

MCI 430 Operational Amplifier .3-48 

MC1431 Operational Amplifier .3-48 

MCI 433 Operational Amplifier .3-52 

MCI 435 Dual Operational Amplifier .3-57 

MCI 436 High-Voltage Operational Amplifier .3-62 

MC1436C High-Voltage Operational Amplifier .3-62 

MCI 437 Dual Operational Amplifier .3-66 

MCI 438 Power Booster.6-18 

MCI 439 High-Slew-Rate Operational Amplifier.3-70 

MCI 444 AC-Coupled 4-Channel Sense Amplifier .Interface 

MCI445 Wideband Amplifier. 6-24 

MCI 454 1-Watt Power Amplifier .6-40 

MCI 455 Timing Circuit .6-44 

MCI 456 High-Performance Operational Amplifier.3-78 

MC1456C High-Performance Operational Amplifier.3-78 

MC1458 Dual Operational Amplifier .3-84 

MC1458C Dual Operational Amplifier .3-84 

MC1458N Low-Noise Dual Operational Amplifier.3-84 

MC1458S High-Slew-Rate Dual Operational Amplifier.3-89 

MC1463 Adjustable Negative Voltage Regulator .4-51 

MC1466 Voltage and Current Regulator .4-67 

MC1468 Dual ± 15-Volt Tracking Regulator .4-77 

MC1469 Adjustable Positive Voltage Regulator .4-82 

MC1472 Dual Peripheral Positive NAND Driver .Interface 

MC1488 Quad MDTL Line Driver .Interface 

MC1489 Quad MDTL Line Receiver .Interface 

MC1489A Quad MDTL Line Receiver.Interface 

MC1494 Four-Quadrant Multiplier.6-60 

MC1495 Four-Quadrant Multiplier.6-74 

MC1496 Balanced Modulator-Demodulator.6-90 

MC1500 Precision Voltage Reference .Interface 

MC1500A Precision Voltage Reference .Interface 

MCI503 Precision Low-Voltage Reference .4-42 

MC1503A Precision Low-Voltage Reference .4-42 

MCI504 Precision Low-Drift Voltage Reference.4-46 

MC1504A Precision Low-Drift Voltage Reference.4-46 

MCI505 Analog-to-Digital Converter Subsystem.Interface 

MCI506 6-Bit Multiplying Digital-to-Analog Converter .Interface 

MCI508 8-Bit Multiplying Digital-to-Analog Converter . Interface 

MCI 514 Dual Differential Comparator . Interface 

MCI 520 Differential Output Operational Amplifier .3-44 

MCI 530 Operational Amplifier .3-48 

MCI 531 Operational Amplifier .3-48 

MCI 533 Operational Amplifier .3-52 

MCI 535 Dual Operational Amplifier .3-57 

MCI 536 High-Voltage Operational Amplifier .3-62 

MCI 537 Dual Operational Amplifier .3-66 

MCI 538 Power Booster.6-18 

MCI 539 High-Slew-Rate Operational Amplifier.3-70 

MCI 544 AC-Coupled 4-Channel Sense Amplifier .Interface 

MCI 545 Wideband Amplifier.6-24 

MCI 550 RF-IF Amplifier .6-30 

MCI 552 Video Amplifier.6-36 

MCI 553 Video Amplifier.6-36 

MCI 554 1 -Watt Power Amplifier .6-40 

MCI 555 Timing Circuit .6-44 

MCI 556 High-Performance Operational Amplifier.3-78 
































































MASTER INDEX 

Device 

Number Function Page 

MCI 558 Dual Operational Amplifier .3-84 

MC1558N Low-Noise Dual Operational Amplifier.3-84 

MC1558S High-Slew-Rate Dual Operational Amplifier.3-89 

MCI 563 Adjustable Negative Voltage Regulator .4-51 

MCI 566 Voltage and Current Regulator .4-67 

MCI 568 Dual ± 15-Volt Tracking Regulator .4-77 

MCI 569 Adjustable Positive Voltage Regulator .4-82 

MCI 590 Wideband Amplifier with AGC .6-51 

MCI 594 Four-Quadrant Multiplier.6-60 

MCI 595 Four-Quadrant Multiplier.6-74 

MCI 596 Balanced Modulator-Demodulator.6-90 

MCI 709 General-Purpose Operational Amplifier.3-95 

MC1709A General-Purpose Operational Amplifier.3-95 

MC1709C General-Purpose Operational Amplifier.3-95 

MC1710 Differential Comparator .Interface 

MC1710C Differential Comparator . Interface 

MCI 711 Dual Differential Comparator . Interface 

MCI 711C Dual Differential Comparator . Interface 

MCI 712 Wideband DC Amplifier .3-99 

MC1712C Wideband DC Amplifier .3-99 

MCI 723 Adjustable Positive or Negative Voltage Regulator . 4-101 

MC1723C Adjustable Positive or Negative Voltage Regulator . 4-101 

MCI 733 Differential Video Amplifier. 6-100 

MC1733C Differential Video Amplifier. 6-100 

MCI 741 General-Purpose Operational Amplifier. 3-104 

MCI 741C General-Purpose Operational Amplifier. 3-104 

MC1741N Low-Noise Operational Amplifier. 3-104 

MCI 741NC Low-Noise Operational Amplifier. 3-104 

MCI 741S High-Slew-Rate Operational Amplifier. 3-109 

MCI 741 SC High-Slew-Rate Operational Amplifier. 3-109 

MCI 747 Dual MCI 741 Operational Amplifier. 3-115 

MC1747C Dual MCI 741C Operational Amplifier . 3-115 

MCI 748 General-Purpose Operational Amplifier. 3-119 

MC1748C General-Purpose Operational Amplifier. 3-119 

MCI 776 Programmable Operational Amplifier . 3-123 

MC1776C Programmable Operational Amplifier . 3-123 

MC26S10 Quad Open-Collector Bus Transceiver . Interface 

MC26S11 Quad Open-Collector Bus Transceiver . Interface 

MC3232A Memory Address Multiplexer and Refresh Address Counter . Interface 

MC3242A Memory Address Multiplexer and Refresh Address Counter . Interface 

MC3245 Quad TTL-to-MOS Driver.Interface 

MC3301 Quad Operational Amplifier. 3-132 

MC3302 Quad Comparator.Interface 

MC3303 Quad Differential-Input Operational Amplifier . 3-148 

MC3310 Wide-Band Amplifier. 5-118 

MC3325 Automotive Voltage Regulator . 5-122 

MC3333 Vari-Dwell Ignition. 5-126 

MC3340 Electronic Attenuator . 5-129 

MC3344 Programmable Frequency Switch . 6-108 

MC3346 General-Purpose Transistor Array. 5-132 

MC3357 Low-Power FM IF. 5-135 

MC3358 Dual Low-Power Operational Amplifier . 3-154 

MC3360 1/4-Watt Audio Amplifier . 5-139 

MC3370 Zero Voltage Switch . 6-113 

MC3380 Emitter-Coupled Astable Multivibrator. 5-142 

MC3386 General-Purpose Transistor Array. 5-132 

MC3393 Two-Modulus Prescaler . 5-148 

MC3401 Quad Operational Amplifier. 3-140 

MC3403 Quad Differential-Input Operational Amplifier . 3-148 

MC3405 Dual Operational Amplifier plus Dual Voltage Comparator . 6-117 

MC3408 8-Bit Multiplying Digital-to-Analog Converter .. Interface 
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MASTER INDEX 

Device 

Number Function Page 

MC3410 10-Bit D-to-A Converter . Interface 

l\/IC3410C 10-Bit D-to-A Converter .Interface 

MC3412 High-Speed 12-Bit D/A Converter.Interface 

MC3416 Crosspoint Switch .Interface 

MC3417 Continuously-Variable-Slope Delta Modulator/Demodulator.Interface 

MC3418 Continuously-Variable-Slope Delta Modulator/Demodulator.Interface 

MC3419 Subscriber Loop Interface Circuit. Interface 

MC3420 Switchmode Regulator Control Circuit . 4-107 

MC3423 Overvoltage Sensing Circuit . 6-125 

MC3430 High-Speed Quad Comparator . Interface 

MC3431 High-Speed Quad Comparator .Interface 

MC3432 High-Speed Quad Comparator . Interface 

MC3433 High-Speed Quad Comparator .Interface 

MC3437 Hex Unified Bus Receiver.Interface 

MC3438 Quad Unified Bus Transceiver .Interface 

MC3440A Quad Interface Bus Transceiver. Interface 

MC3441A Quad Interface Bus Transceiver .Interface 

MC3443 Quad Interface Bus Transceiver .Interface 

MC3446A Quad Interface Bus Transceiver . Interface 

MC3447 Bidirectional Instrumentation Bus Transceiver.Interface 

MC3448A Quad Three-State Bus Transceiver .Interface 

MC3449 Triple Bidirectional Bus Switch. Interface 

MC3450 Quad Line Receiver .Interface 

MC3452 Quad Line Receiver .Interface 

l\/IC3453 Quad Line Driver . Interface 

MC3456 Dual Timing Circuit . 6-131 

MC3458 Dual Low-Power Operational Amplifier . 3-154 

MC3459 Quad NMOS Memory Driver .Interface 

MC3461 Dual NMOS Memory Sense Amplifier . Interface 

MC3467 Triple Preamplifier .Interface 

MC3468 Magnetic Read Amplifier .Interface 

MC3470 Floppy Disk Read Amplifier System. Interface 

MC3476 Programmable Operational Amplifier . 3-160 

MC3480 Memory Controller Circuit . Interface 

MC3481 Quad Single-Ended Line Driver . Interface 

MC3482A Octal Three-State Buffer/Inverter. Interface 

MC3482B Octal Three-State Buffer/Inverter.Interface 

MC3485 Quad Single-Ended Line Driver . Interface 

MC3486 Quad RS-422/423 Line Receiver .Interface 

MC3487 Quad RS-422 Line Driver with Three-State Outputs .Interface 

MC3488A Dual RS-423/232C Driver.Interface 

MC3488B Dual RS-423/232C Driver. Interface 

MC3490 7-Digit Gas Discharge Display Driver .Interface 

MC3491 8-Segment Visual Display Driver. Interface 

MC3492 8-Segment Visual Display Driver. Interface 

MC3494 7-Digit Gas Discharge Display Driver . Interface 

MC3503 Quad Differential-Input Operational Amplifier . 3-148 

MC3505 Dual Operational Amplifier plus Dual Voltage Comparator . 6-117 

MC3510 10-Bit D-to-A Converter . Interface 

MC3517 Continuously-Variable-Slope Delta Modulator/Demodulator.Interface 

MC3518 Continuously-Variable-Slope Delta Modulator/Demodulator. Interface 

MC3519 Subscriber Loop Interface Circuit.Interface 

MC3520 Switchmode Regulator Control Circuit . 4-107 

MC3523 Overvoltage Sensing Circuit . 6-125 

MC3556 Dual Timing Circuit . 6-131 

MC3558 Dual Low-Power Operational Amplifier . 3-154 

MC4558 Dual High-Frequency Operational Amplifier. 3-165 

MC4558AC Dual High-Frequency Operational Amplifier. 3-165 

MC4558C Dual High-Frequency Operational Amplifier. 3-165 

MC4558N Dual High-Frequency Operational Amplifier. 3-165 

MC4558NC Dual High-Frequency Operational Amplifier. 3-165 
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MASTER INDEX 


Device 

Number Function Page 

MC4741 Quad MCI 741 Operational Amplifier . 3-169 

MC4741C Quad MCI 741 Operational Amplifier. 3-169 

MC6875 M6800 Clock Generator/Driver .Interface 

MC6880A Quad Three-State Bus Transceiver . Interface 

MC6881 Triple Bidirectional Bus Switch. Interface 

MC6882A Octal Three-State Buffer/Latch . Interface 

MC6882B Octal Three-State Buffer/Latch . Interface 

MC6885 Hex Three-State Buffer/Inverter . Interface 

MC6886 Hex Three-State Buffer/Inverter . Interface 

MC6887 Hex Three-State Buffer/Inverter . Interface 

MC6888 Hex Three-State Buffer/Inverter . Interface 

MC6889 Noninverting Bus Transceiver.Interface 

MC6890 8-Bit Bus-Compatible MPU D/A Converter. Interface 

MC75S110 Dual Line Driver . Interface 

MC7805 Positive Voltage Regulator (1.5 A) . 4-126 

MC7805A Positive Voltage Regulator (1.5 A) . 4-126 

MC7805AC Positive Voltage Regulator (1.5 A) . 4-126 

MC7805C Positive Voltage Regulator (1.5 A) . 4-126 

MC7806 Positive Voltage Regulator (1.5 A) . 4-126 

MC7806A Positive Voltage Regulator (1.5 A) . 4-126 

MC7806AC Positive Voltage Regulator (1.5 A) . 4-126 

MC7806C Positive Voltage Regulator (1.5 A) . 4-126 

MC7808 Positive Voltage Regulator (1.5 A) . 4-126 

MC7808A Positive Voltage Regulator (1.5 A) . 4-126 

MC7808AC Positive Voltage Regulator (1.5 A) . 4-126 

MC7808C Positive Voltage Regulator (1.5 A) . 4-126 

MC7812 Positive Voltage Regulator (1.5 A) . 4-126 

MC7812A Positive Voltage Regulator (1.5 A) . 4-126 

MC7812AC Positive Voltage Regulator (1.5 A) . 4-126 

MC7812C Positive Voltage Regulator (1.5 A) . 4-126 

MC7815 Positive Voltage Regulator (1.5 A) . 4-126 

MC7815A Positive Voltage Regulator (1.5 A) . 4-126 

MC7815AC Positive Voltage Regulator (1.5 A) . 4-126 

MC7815C Positive Voltage Regulator (1.5 A) . 4-126 

MC7818 Positive Voltage Regulator (1.5 A) . 4-126 

MC7818A Positive Voltage Regulator (1.5 A) . 4-126 

MC7818AC Positive Voltage Regulator (1.5 A) . 4-126 

MC7818C Positive Voltage Regulator (1.5 A) . 4-126 

MC7824 Positive Voltage Regulator (1.5 A) . 4-126 

MC7824A Positive Voltage Regulator (1.5 A) . 4-126 

MC7824AC Positive Voltage Regulator (1.5 A) . 4-126 

MC7824C Positive Voltage Regulator (1.5 A) . 4-126 

MC78L02AC Positive Voltage Regulator (100 mA). 4-138 

MC78L05AC Positive Voltage Regulator (100 mA). 4-138 

MC78L05C Positive Voltage Regulator (100 mA). 4-138 

MC78L08AC Positive Voltage Regulator (100 mA). 4-138 

MC78L08C Positive Voltage Regulator (100 mA). 4-138 

MC78L12AC Positive Voltage Regulator (100 mA). 4-138 

MC78L12C Positive Voltage Regulator (100 mA). 4-138 

MC78L15AC Positive Voltage Regulator (100 mA). 4-138 

MC78L15C Positive Voltage Regulator (100 mA). 4-138 

MC78L18AC Positive Voltage Regulator (100 mA). 4-138 

MC78L18C Positive Voltage Regulator (100 mA). 4-138 

MC78L24AC Positive Voltage Regulator (100 mA). 4-138 

MC78L24C Positive Voltage Regulator (100 mA). 4-138 

MC78M05C Positive Voltage Regulator (500 mA). 4-145 

MC78M06C Positive Voltage Regulator (500 mA). 4-145 

MC78M08C Positive Voltage Regulator (500 mA). 4-145 

MC78M12C Positive Voltage Regulator (500 mA). 4-145 

MC78M15C Positive Voltage Regulator (500 mA). 4-145 

MC78M18C Positive Voltage Regulator (500 mA). 4-145 
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MASTER INDEX 

Device 

Number Function Page 



MC78M20C 

MC78M24C 

MC7902C 

MC7905C 

MC7905.2C 

MC7906C 

MC7908C 

MC7912C 

l\/IC7915C 

MC7918C 

MC7924C 

MC79L03AC 

l\/IC79L03C 

MC79L05AC 

MC79L05C 

MC79L12AC 

MC79L12C 

MC79L15AC 

MC79L15C 

MC79L18AC 

l\/IC79L18C 

MC79L24AC 

MC79L24C 

MC8T13 

MC8T14 

MC8T23 

MC8T24 

MC8T26A 

IVIC8T28 

MC8T95 

MC8T96 

MC8T97 

MC8T98 

MC10317L 

l\/IC10318L 

MC10318L9 

MC34001 

IVIC34002 

MC34004 

MC34022 

MC35001 

IVIC35002 

MC35004 

MC35022 

MC55325 

MC75107 

MC75108 

MC75S110 

MC75125 

MC75127 

l\/IC75128 

MC75129 

MC75140P1 

MC75325 

MC75365 

IVIC75368 

MC75450 

MC75451 

MC75452 

MC75453 

MC75454 


Positive Voltage Regulator (500 mA). 4-145 

Positive Voltage Regulator (500 mA). 4-145 

Negative Voltage Regulator (1.5 A) . 4-153 

Negative Voltage Regulator (1.5 A) . 4-153 

Negative Voltage Regulator (1.5 A) . 4-153 

Negative Voltage Regulator (1.5 A) . 4-153 

Negative Voltage Regulator (1.5 A) . 4-153 

Negative Voltage Regulator (1.5 A) . 4-153 

Negative Voltage Regulator (1.5 A) . 4-153 

Negative Voltage Regulator (1.5 A) . 4-153 

Negative Voltage Regulator (1.5 A) . 4-153 

Negative Voltage Regulator (100 mA). 4-1 62 

Negative Voltage Regulator (100 mA). 4-162 

Negative Voltage Regulator (100 mA). 4-162 

Negative Voltage Regulator (100 mA). 4-162 

Negative Voltage Regulator (100 mA). 4-162 

Negative Voltage Regulator (100 mA). 4-162 

Negative Voltage Regulator (100 mA). 4-162 

Negative Voltage Regulator (100 mA). 4-162 

Negative Voltage Regulator (100 mA). 4-162 

Negative Voltage Regulator (100 mA). 4-162 

Negative Voltage Regulator (100 mA). 4-162 

Negative Voltage Regulator (100 mA). 4-162 

Dual Line Driver . Interface 

Triple Line Receiver.Interface 

Dual Line Driver .Interface 

Triple Line Receiver. Interface 

Quad Bus Transceiver/MPU Bus Extender . Interface 

Noninverting Bus Transceiver. Interface 

Hex Three-State Buffer/Inverter .Interface 

Hex Three-State Buffer/Inverter .Interface 

Hex Three-State Buffer/Inverter . Interface 

Hex Three-State Buffer/Inverter . Interface 

7-Bit High-Speed A/D Converter. Interface 

High-Speed 8-Bit D/A Converter.Interface 

High-Speed 8-Bit D/A Converter. Interface 

Single TRIMFET Operational Amplifier. 3-175 

Dual TRIMFET Operational Amplifier . 3-175 

Quad TRIMFET Operational Amplifier. 3-175 

Dual Precision TRIMFET Operational Amplifier . 3-179 

Single TRIMFET Operational Amplifier. 3-175 

Dual TRIMFET Operational Amplifier . 3-175 

Quad TRIMFET Operational Amplifier. 3-175 

Dual Precision TRIMFET Operational Amplifier . 3-179 

Dual Memory Driver .Interface 

Dual Line Receiver.Interface 

Dual Line Receiver.Interface 

Dual Line Driver .Interface 

7-Channel Line Receiver .Interface 

7- Channel Line Receiver .Interface 

8- Channel Line Receiver .Interface 

8-Channel Line Receiver .Interface 

Dual Line Receiver.Interface 

Dual Memory Driver .Interface 

Quad MOS Clock Driver . Interface 

Dual MECL-to-MOS Driver .Interface 

Dual Peripheral Driver, Positive AND .Interface 

Dual Peripheral Driver, Positive AND . Interface 

Dual Peripheral Driver, Positive NAND.Interface 

Dual Peripheral Driver, Positive OR.Interface 

Dual Peripheral Driver, Positive NOR .Interface 
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MASTER INDEX 

Device 

Number Function Page 

MC75461 High-Voltage Peripheral Driver. Interface 

MC75462 High-Voltage Peripheral Driver.Interface 

MC75463 High-Voltage Peripheral Driver.Interface 

MC75464 High-Voltage Peripheral Driver.Interface 

MC75491 Quad Light-Emitting Diode (LED) Driver.Interface 

MC75492 Hex Light-Emitting Diode (LED) Driver .Interface 

MCCF3326 Flip-Chip Automotive Voltage Regulator . 5-150 

MCCF3333 Vari-Dwell Ignition Circuit . 5-153 

MMH0026 Dual MOS Clock Driver.Interface 

MMH0026C Dual MOS Clock Driver.Interface 

NE565 Phase-Locked Loop . 6-138 

NE592 Video Amplifier. 6-142 

SE592 Video Amplifier. 6-142 

SN75431 Dual Peripheral Driver .Interface 

SN75432 Dual Peripheral Driver .Interface 

SN75451 BP Dual Peripheral Driver .Interface 

SN75452BP Dual Peripheral Driver .Interface 

SN75453BP Dual Peripheral Driver .Interface 

SN75454BP Dual Peripheral Driver .Interface 

TCA4500A FM Stereo Demodulator. 5-157 

TDA1190P TV Sound System. 5-164 

TDA1190Z TV Sound System. 5-164 

TDA2002 Audio Power Amplifier . 5-167 

TDA2002A Audio Power Amplifier . 5-167 





























MOTOROLA 


LINEAR 

INTEGRATED CIRCUITS 


MOTOROLA - LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 


. . . provides a complete interchangeability list linking over 3000 
devices offered by most major Linear Integrated Circuits manufacturers 
to the nearest equivalent Motorola device. The "Motorola Direct 
Replacement' column lists devices with identical pin connections and 
package and the same or better electrical characteristics and tempera¬ 


ture range. The "Motorola Functional Equivalent" column provides a 
device which performs the same function but with possible differences 
in package configurations, pin connections, temperature range or 
electrical specifications. 


709BE —AD559S 


PART NO. 

MOTOROLA 

DIRECT 

REPLACEMENT 

MOTOROLA 

SIMILAR 

REPLACEMENT 

PART NO. 

MOTOROLA 

DIRECT 

REPLACEMENT 

MOTOROLA 

SIMILAR 

REPLACEMENT 

MOTOROLA 

DIRECT 

PART NO. REPLACEMENT 

MOTOROLA 

SIMILAR 

REPLACEMENT 


MC1709G 


9627DM 


MC1489AL 

75450BDC 


MC75450L 

709BH 

MC1709F 


9636AT 

MC3488AP 


75450BPC 


MC75450P 

709CE 

MC1709CG 


9637T 


MC3486P 

75451APC 

MC75451U 


709CH 

MC1709CF 


9638T 


MC3487P 

75451ATC 

MC75451P 


709CJ 

MC1709CP2 


9640J 

MC3443P 


75451BRC 


MC75451U 

710BE 

MC1710G 


9640D 


MC3443P 

75451BTC 

SN75451BP 


710CE 

MC1710CG 


9640DC 


MC3440AP 

75452ARC 

MC75452U 


711BE 

MC1711G 


9640NC 

MC3440AP 


75452ATC 

MC75452P 


711BN 

MC1711L 


96650C 

MC1411L 


75452BRC 


MC75452U 

711CE 

MC1711CG 


9665PC 

MC1411P 


75452BTC 

SN75452BP 


711CJ 

MG1711CP 


9666DC 

MC1412L 


75453ARC 

MC75453U 


723BE 

MC1723G 


9666PC 

MC1412P 


75453ATC 

MC75453P 


723CE 

MC1723CG 


9667DC 

MC1413L 


75453BRC 


MC75453U 

723CJ 

MC1723CL 


9667PC 

MC1413P 


75453BTC 

SN75453BP 


741BE 

MC1741G 


9668DC 

MC1416L 


75454ARC 

MC75454U 


741BH 

MC1741F 


9668PC 

MC1416P 


75454ATC 

MC75454P 


741BN 

MC1741L 


55107ADM 

MC55107L 


75454BRC 


MC75454U 

741CE 

MC1741CG 


55107BDM 


MC55107L 

75454BTC 

SN75454BP 


747BE 


MC1747G 

55108ADM 

MC55108L 


75460OC 


MC75450L 

747BN 


MC1747L 

55108BDM 


MC55108L 

75460PC 


MC75450P 

747CE 


MC1747CG 

55110DM 


MC75S110L 

75461RC 

MC75461U 


748BE 


MC1748G 

55121DM 


MC8T13L 

75461TC 

MC75461P 


748CE 


MC1748CG 

55122DM 


MC8T14L 

75462RC 

MC75462U 


809BE 


MC1776G 

55207DM 


MC55107L 

75462TC 

MC75462P 


809CE 


MC1776CG 

55208DM 


MC55108L 

75463RC 

MC75463U 


823AE 


MC1723G 

55325DM 

MC55325L 


75463TC 

MC75463P 


1458CE 

MC1458CG 


55325FM 

MC55325L 


75464RC 

MC75464U 


3232 


MC3232AL 

75107ADC 

MC75107L 


75464TC 

MC75464P 


3245 

MC3245L 


75107APC 

MC75107P 


75491DC 


MC75491P 

6605J 


MC3443P 

75107BDC 


MC75107L 

75491PC 

MC75491P 


6605L 


MC3443P 

75107BPC 


MC75107P 

75491ADC 


MC75491P 

8216 


MC8T26AL 

75108ADC 

MC75108L 


75491APC 


MC75491P 

8226 


MC8T28L 

75108APC 

MC75108P 


75492DC 


MC75492P 

9614DC 


MC75S110L 

75108BDC 


MC75108L 

75492PC 

MC75492P 


9614DM 


MC75S110L 

75108BPC 


MC75108P 

75492ADC 


MC75492P 

9615DC 


MC75108L 

75110DC 

MC75S110L 


75492APC 


MC75492P 

9615DM 


MC55108L 

75110PC 

MC75S110P 


AD301AL 


LM301AH 

9615FM 


MC55108L 

75121DC 

MC8T13L 


AD505J 


MC1776CG 

9616CDC 


MC1488L 

75121PC 

MC8T13P 


AD505K 


MC1776CG 

9616EDC 


MC1488L 

75122DC 

MC8T14L 


AD505S 


MC1776G 

9616DM 


MC1488L 

75122PC 

MC8T14P 


AD509J 


LM301AH 

9617DC 


MC1489AL 

75123DC 

MC8T23L 


AD509K 


LM301AH 

9620DC 


MC75S110L 

75123PC 

MC8T23P 


AD509S 


LM101AH 

9620DM 


MC75S110L 

75124DC 

MC8T24L 


AD518J 


LM301AH 

9621DC 


MC75108L 

75124PC 

MC8T24P 


AD518K 


LM301AH 

9621DM 


MC55108L 

75207DC 


MC75107L 

AD518S 


LM101AH 

9622DC 


MC75140P1 

75207PC 


MC75107P 

AD530 


MC1595L 

9622DM 


MC75140P1 

75208DC 


MC75108L 

AD531 


MC1595L 

9624DC 


MMH0026CL 

75208PC 


MC75108P 

AD532J 


MC1595G 

96240M 


MMH0026CL 

75325DC 

MC75325L 


AD559JD 

MC1408L8 


9625DC 


MMH0026CL 

75325PC 

MC75325P 


AD559K 

MC1408L8 


9625DM 


MMH0026CL 

75450ADC 

MC75450L 


AD559KD 

MC1408L8 


9627CDC 


MC1489AL 

75450APC 

MC75450P 


AD559S 

MC1508L8 
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 


AD559SD —CA3054 


MOTOROLA 

DIRECT 

PART NO. REPLACEMENT 

MOTOROLA 

SIMILAR 

REPLACEMENT 

MOTOROLA 

DIRECT 

PART NO. REPLACEMENT 

MOTOROLA 

SIMILAR 

REPLACEMENT 

PART NO. 

MOTOROLA 

DIRECT 

REPLACEMENT 

MOTOROLA 

SIMILAR 

REPLACEMENT 

AD559SD 

MC1508L8 


AMU5B7741393 

MC1741CG 


CA1458T 

MC1458G 


AD580J 


MC1403U 

AMU5B7747312 

MC1747G 


CA1558S 


MC1558U 

AD580K 


MC1403P1 

AMU5B7747393 

MC1747CG 


CA1558T 

MC1558G 


AD580M 


MC1403AP1 

AMU5B7748312 

MC1748G 


CA2111AE 

MC1357P 


AD580S 


MC1503U 

AMU5B7748393 

MC1748CG 


CA2111AQ 

MC1357PQ 


AD580T 


MC1503AU 

AMU5R7723312 

MC1723G 


CA3000 


MC1550G 

AD741CJ 


MC1741CG 

AMU5R7723393 

MC1723CG 


CA3001 


MC1550G 

AD741J 


MC1741G 

AMU6A7723312 

MC1723L 


CA3002 


MC1550G 

A0741K 


MC1741G 

AMU6A7723393 

MC1723CL 


CA3004 


MC1550G 

AD741L 


MC1741G 

AMU6A7733312 

MC1733L 


CA3005 


MC1550G 

AD741S 


MC1741SG 

AMU6A7733393 

MC1733CL 


CA3006 


MC1550G 

AD7520D 


MC3410L 

AMU6A7741312 

MC1741L 


CA3007 


MC1550G 

AD7520F 


MC3410L 

AMU6A7741393 

MC1741CL 


CA3008 


MC1709F 

A07520N 


MC3410L 

AMU6A7748312 


MC1748G 

CA3008A 


MC1709F 

AM26S10DC 

MC26S10L 


AMU6A7748393 


MC1748CP1 

CA3010 


MC1709G 

AM26S10PC 

MC26S10P 


AMU6W7747312 MC1747L 


CA3010A 


MC1709G 

AM26S11DC 

MC26S11L 


AMU6W7747393 MC1747CL 


CA3011 


MC1590G 

AM26S11PC 

MC26S11P 


CA101AT 

LM101AH 


CA3012 


MC1590G 

AM725A31T 


MC1556G 

CA101T 

LM101AH 


CA3013 


MC1357P 

AM166039F 


LM301AH 

CA107T 

LM107H 


CA3014 


MC1357P 

AM166039T 


LM301AH 

CA108AS 

LM108AJ-8 


CA3015 


MC1709G 

AMLM101 

LM101AH 


CA108AT 

LM108AH 


CA3015A 


MC1709G 

AMLM101A 

LM101AH 


CA108S 

LM108J-8 


CA3016 


MC1709F 

AMLM101AD 


LM101AH 

CA108T 

LM108H 


CA3016A 


MC1709F 

AMLM101AF 


LM101AH 

CA139AG 

LM139AJ 


CA3020 


MC1554G 

AMLM101D 


LM101AH 

CA139G 

LM139J 


CA3020A 


MC1454G 

AMLM101F 


LM101AH 

CA201AT 

LM201AH 


CA3021 


MC1590G 

AMLM105 

LM105H 


CA201T 


LM201AH 

CA3022 


MC1590G 

AMLM105F 


LM105H 

CA207T 

LM207H 


CA3023 


MC1590G 

AMLM105H 

LM105H 


CA208AT 

LM208AH 


CA3026 


CA3054 

AMLM107 

LM107H 


CA208S 

LM208J-8 


CA3028A 


MC1550G 

AMLM1070 


LM107H 

CA208T 

LM208H 


CA3028AF 


MC1550G 

AMLM107F 


LM107H 

CA239AE 

LM239AN 


CA3028AS 


MC1550G 

AMLM111D 

LM111J 


CA239AG 

LM239AJ 


CA3028B 


MC1550G 

AMLM111H 

LM111H 


CA239E 

LM239N 


CA3028BF 


MC1550G 

AMLM201 

LM201AH 


CA239G 

LM239J 


CA3028BS 


MC1550G 

AMLM201A 

LM201AH 


CA301AT 

LM301AH 


CA3029 


MC1709P2 

AMLM201AD 


LM201AN 

CA307T 

LM307H 


CA3029A 


MC1709P2 

AMLM201AF 


LM201AH 

CA308AS 

LM308N 


CA3030 


MC1709P2 

AMLVI201D 


LM201AN 

CA308AT 

LM308AH 


CA3030A 


MC1709P2 

AMLM201F 


LM201AH 

CA308S 

LM308H 


CA3031 


MC1712G 

AMLVI205 

LM205H 


CA339AE 

LM339AN 


CA3032 


MC1712CG 

AMLM205F 


LM205H 

CA339AG 

LM339AJ 


CA3033 


MC1533L 

AMLM205H 

LM205H 


CA339E 

LM339N 


CA3033A 


MC1533L 

AMLM207 

LM207H 


CA339G 

LM339J 


CA3035 


MC1352P 

AMLM207D 


LM207H 

CA723CE 

MC1723CP 


CA3035V1 


MC1352P 

AMLM207F 


LM207H 

CA741CS 

MC1741CP1 


CA3037 


MC1709L 

AMLM211D 

LM211J 


CA741CT 

MC174 ICG 


CA3037A 


MC1709L 

AMLM211H 

LM211H 


CA741S 

MC1741U 


CA3038 


MC1709L 

AMLM301 

LM301AH 


CA741T 

MC1741G 


CA3038A 


MC1709L 

AMLM301A 

LM301AH 


CA747CE 

MC1747CL 


CA3040 


MC1510G 

AMLM301AD 


LM301AJ 

CA747CF 

MC1747CL 


CA3041 


MC1351P 

AMLM301D 


LM301AJ 

CA747CT 

MC1747CG 


CA3042 


MC1357P 

AMLM305 

LM305H 


CA747E 

MC1747L 


CA3043 


MC1357P 

AMLM305A 


LM305H 

CA747F 

MC1747L 


CA3044 


MC1364P 

AMLM305F 


LM305H 

CA747T 

MC1747G 


CA3044V1 


MC1364P 

AMLM305H 

LM305H 


CA748CS 

MC1748CP1 


CA3045 


MC3346P 

AMLM311D 

LM311J-8 


CA748CT 

MC1748C6 


CA3045F 


MC3346P 

AMLM311H 

LM311H 


CA748S 

MC1748U 


CA3046 

MC3346P 


AMU3F7733312 


MC1733L 

CA748T 

MC1748G 


CA3047 


MC1433L 

AMU3F7733393 


MC1733CL 

CA758E 


MC1310P 

CA3047A 


MC1433L 

AMU3F7748312 


MC1748G 

CA1310E 

MC1310P 


CA3048 


MC3301P 

AMU3I7741312 

MC1741F 


CA1352E 

MC1352P 


CA3052 


MC3301P 

AMU3I7741393 

MC1741CL 


CA1391E 

MC1391P 


CA3053 


MC1550G 

AMU5B7733312 MC1733G 


CA1394E 

MC1394P 


CA3053F 


MC1550G 

AMU5B7733393 MC1733CG 


CA1398E 

MC1398P 


CA3053S 


MC1550G 

AMU5B7741312 MC1741G 


CA1458S 

MC1458CP1 


CA3054 

CA3054 








LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 


CA3056 —DS8897N 


PART NO. 

MOTOROLA 

DIRECT 

REPLACEMENT 

MOTOROLA 

SIMILAR 

REPLACEMENT 

MOTOROLA 

DIRECT 

PART NO. REPLACEMENT 

MOTOROLA 

SIMILAR 

REPLACEMENT 

MOTOROLA 

DIRECT 

PART NO. REPLACEMENT 

MOTOROLA 

SIMILAR 

REPLACEMENT 

CA3056 

MC1741CG 


DM7897J 


MC3494P 

DS75107J 

MC75107L 


CA3056A 

MC1741G 


DM7897N 


MC3494P 

DS75107N 

MC75107P 


CA3058 


CA3059 

DM8820AN 


MC75140P1 

DS75108J 

MC75108L 


CA3059 

CA3059 


DM8820J 


MC75140P1 

DS75108N 

MC75108P 


CA3064 


MC1364P 

DM8820N 


MC75140P1 

DS75110J 

MC75S110L 


CA3064E 

MC1364P 


DM8822J 


MC1489AL 

DS75110N 

MC75S110P 


CA3065 

MC1358P 


OM8822N 


MC1489AP 

DS75121J 

MC8T13L 


CA3066 


MC1399P 

DM8837N 

MC3437P 


DS75121N 

MC8T13P 


CA3067 


MC1323P 

DM8838N 

MC3438P 


DS75122J 

MC8T14L 


CA3068 


MC1352P 

DM8861N 


MC75491P 

DS75122N 

MC8T14P 


CA3070 


MC1399P 

DM8863N 


MC75492P 

DS75123J 

MC8T23L 


CA3071 


MC1399P 

DM8887J 


MC3490P 

DS75123N 

MC8T23P 


CA3072 


MC1323P 

DVI8889J 


MC3491P 

DS75124J 

MC8T24L 


CA3076 


MC1590G 

DM8897J 


MC3494P 

DS75124N 

MC8T24P 


CA3078AS 


MC1776G 

DM75491N 

MC75491P 


DS75207J 


MC75107L 

CA3078AT 


MC1776G 

DM75492N 

MC75492P 


DS75207N 


MC75107P 

CA3078S 


MC1776CG 

DS0026CG 


MMH0026CG 

DS75208J 


MC75108L 

CA3078T 


MC1776CG 

DS0026CH 

MMH0026CG 


DS75208N 


MC75108P 

CA3079 


CA3059 

DS0026CJ 

MMH0026CL 


DS75325J 

MC75325L 


CA3085 


MC1723G 

DS0026CN 

DS0026CP1 


DS75325N 

MC75325P 


CA3085A 


MC1723G 

DS0026G 


MMH0026G 

DS75450J 

MC75450L 


CA3085AF 


MC1723L 

DS0026H 

DS0026G 


DS75450N 

MC75450P 


CA3085AS 


MC1723G 

OS0026J 

DS0026L 


DS75451H 


MC75451U 

CA3085B 


MC1723G 

DS0056CG 


MMH0026CG 

DS75451N 

SN75451BP 


CA3085BF 


MC1723L 

DS0056CH 


MMH0026CG 

DS75452H 


MC75452U 

CA3085BS 


MC1723G 

DS0056CJ 


MMH0C26CL 

DS75452N 

SN75452BP 


CA3085F 


MC1723L 

DS0056CN 


MMH0026CP1 

DS75453H 


MC75453U 

CA3085S 


MC1723G 

DS0056G 


MMH0026G 

DS75453N 

SN75453BP 


CA3086 

MC3386P 


DS0056H 


MMH0026G 

DS75454H 


MC75454U 

CA3086F 


MC3346P 

DS0056J 


MMH0026L 

DS75454N 

SN75454BP 


CA3090AQ 


MC1310P 

DS1488J 

MC1488L 


DS75461H 


MC75461U 

CA3091D 


MC1594L 

OS1488N 

MC1488P 


DS75461N 

MC75461P 


CA3120E 


MC1344P 

DS1489AJ 

MC1489AL 


DS75462H 


MC75462U 

CA3125E 


MC1323P 

DS1489AN 

MC1489AP 


DS75462N 

MC75462P 


CA3134E 


TDA1190Z 

DS1489J 

MC1489L 


DS75463H 


MC75463U 

CA3134EM 


TDA1190Z 

DS1489N 

MC1489P 


OS75463N 

MC75463P 


CA3134QM 


TDA1190Z 

DS3486J 

MC3486L 


DS75464H 


MC75464U 

CA3136A 


MC3346P 

DS3486N 

MC3486P 


DS75464N 

MC75464P 


CA3137E 


MC1323P 

DS3487J 

MC3487L 


DS75491J 


MC75491P 

CA3139 

CA3139 


DS3487N 

MC3487P 


DS75491N 

MC75491P 


CA3146 


MC3346P 

DS3612H 


MC1472U 

DS75492J 


MC75492P 

CA3401E 

MC3401P 


DS3612N 


MC1472P1 

DS75492N 

MC75492P 


CA6078AS 


MC1776G 

DS3632H 


MC1472U 

DS7837J 


MC3437L 

CA6078AT 


MC1776G 

DS3632J 


MC1472U 

DS7837W 


MC3437L 

CA6741S 


MC1776G 

DS3632N 


MC1472P1 

DS7838J 


MC3438L 

CA6741T 


MC1776G 

DS3644J 


MC3245L 

DS7838W 


MC3438L 

CA3302E 

MC3302P 


DS3644N 


MC3245P 

DS7887J 


MC3490P 

CMP-01CJ 


MC1556G 

DS3650J 

MC3450L 


DS7889J 


MC3491P 

CMP-01CP 


MC1556P 

DS3650N 

MC3450P 


DS7897J ^ 


MC3494P 

D555CJ 


MC1555G 

0S3651J 

MC3430L 


DS8833J 


MC8T28L 

D3232 

MC3232AP 


DS3651N 

MC3430P 


DS8833N 


MC8T28P 

D3242 

MC3242AP 


DS3652J 

MC3452L 


DS8834J 


MC8T26AL 

D3245 

MC3245P 


DS3652N 

MC3452P 


DS8834N 


MC8T26AP 

D8216 


MC8T26AL 

DS3653J 

MC3432L 


DS8835J 


MC8T26AL 

D8226 


MC8T28L 

DS3653N 

MC3432P 


DS8835N 


MC8T26AP 

DAC-01 


MC1506L 

DS3674J 

MC3460L 


DS8837J 

MC3437L 


DAC-08 


MC1408L8 

DS3674N 

MC3460P 


DS8837N 

MC3437P 


DAC-IC10BC 

MC3410L 


DS55107J 

MC55107L 


DS8838J 

MC3438L 


DM7820AD 


MC75140P1 

DS55107W 


MC75107L 

DS8838N 

MC3438P 


DM7820J 


MC75140P1 

DS55108J 

MC55108L 


DS8839J 


MC8T28L 

DM7822J 


MC1489AL 

DS55108W 


MC55108L 

DS8839N 


MC8T28P 

DM7837J 


MC3437L 

DS55110J 


MC75S110L 

DS8887J 


MC3490P 

DM7838J 


MC3438L 

DS55121J 


MC8T13L 

DS8887N 


MC3490P 

OM7887J 


MC3490P 

DS55121W 


MC8T13L 

DS8889J 


MC3491P 

DM7887N 


MC3490P 

DS55122J 


MC8T14L 

DS8889N 


MC3491P 

DM7889J 


MC3491P 

DS55122W 


MC8T14L 

DS8897J 


MC3494P 

DM7889N 


MC3491P 

DS55325J 

MC55325L 


DS8897N 


MC3494P 
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 


HA1199 —LM117H 


MOTOROLA 

DIRECT 

PART NO. REPLACEMENT 

MOTOROLA 

SIMILAR 

REPLACEMENT 

PART NO. 

MOTOROLA 

DIRECT 

REPLACEMENT 

MOTOROLA 

SIMILAR 

REPLACEMENT 

MOTOROLA 

DIRECT 

PART NO. REPLACEMENT 

MOTOROLA 

SIMILAR 

REPLACEMENT 

HA1199 

HA1199 


LF156JG 

LF156J 


LF357L 

LF357H 


ICB8000C 


LM111J 

LF156L 

LF156H 


LF357N 

LF357N 


ICB8001C 


LM111J 

LF157AH 

LF157AH 


LF357P 

LF357N 


ICB8741C 


MC1741CG 

LF157AJG 

LF157AJ 


LH0001ACH 


MC1776CG 

ICH8500ATV 


MC1776CG 

LF157AL 

LF157AH 


LH0001AH 


MC1776G 

1CH8500TV 


MC1776CG 

LF157H 

LF157H 


LH0001ACD 


MC1776CG 

ICL101ALNDP 

LM101AH 

LF157JG 

LF157J 


LH0001AD 


MC1776G 

ICL101ALNFB 


LM101AH 

LF157L 

LF157H 


LH0001ACF 


MC1776CG 

ICL101ALNTY 


LM101AH 

LF252D 


LF255J 

LH0001AF 


MC1776G 

ICL301ALNPA 

LM301AH 

LF255H 

LF255H 


LH0002CH 


MC1538R 

ICL301ALNTY 


LM301AH 

LF255JG 

LF255J 


LH0002H 


MC1538R 

ICL741CLNPA 

MC1741CP1 

LF255L 

LF255H 


LH0004CH 


MC1436G 

ICL741CLNTY 


MC1741CP1 

LF255P 

LF255J 


LH0004H 


MC1536G 

ICL741LNDP 


MC1741L 

LF256H 

LF256H 


LH0042CH 


MC1776G 

ICL741LNFB 


MC1741L 

LF256JG 

LF256J 


LH101F 


MC1741F 

ICL741LNTY 


MC1741L 

LF256L 

LF256H 


LH101H 


MC1741G 

ICL8001CTZ 


LM111J 

LF256P 

LF256J 


LH201F 


MC1741F 

ICL8001MTZ 


LM111J 

LF257H 

LF257H 


LH201H 


MC1741G 

ICL8007CTA 


MC1709CG 

LF257JG 

LF257J 


LH740ACH 


LF355H 

ICL8007MTA 


MC1709CG 

LF257L 

LF257H 


LH740AH 


LF155H 

ICL8008CPA 


LM301AN 

LF257P 

LF257J 


LH2101AD 


MC1537L 

ICL8008CTY 


LM301AN 

LF347N 

MC34004P 


LH2101AF 


MC1537L 

ICL8013A 


MC1594G 

LF347AN 

MC34004AP 


LH2201AD 


MC1537L 

ICL8013B 


MC1594G 

LF347BN 

MC34004BP 


LH2201AF 


MC1537L 

ICL8013C 


MC1594G 

LF351H 

MC34001G 


LH2301AD 


MC1437L 

ICL8017CTW 


LM301AN 

LF351AH 

MC34001AG 


LH2301AF 


MC1437L 

ICL8017MTW 


LM301AN 

LF351BH 

MC34001B6 


LM100F 


LM105H 

ICL8021C 


MC1776G 

LF351N 

MC34001P 


LM100H 


LM105H 

ICL8021M 


MC1776G 

LF351AN 

MC34001AP 


LM101AD 


LM101AH 

ICL8022C 


MC1776G 

LF351BN 

MC34001BP 


LM101AF 


LM101AH 

ICL8022M 


MC1776G 

LF352D 


LF355J 

LM101AH 

LM101AH 


ICL8043CDE 


MC1776G 

LF353H 

MC34002G 


LM101AJ 


LM101AJ 

ICL8043CPE 


MC1776G 

LF353AH 

MC34002AG 


LM101AJ-14 


LM101AJ 

1CL8043MDE 


MC1776G 

LF353BH 

MC34002BG 


LM101AJG 

LM101AJ 


ICL8048CDE 


MC1776G 

LF353N 

MC34002P 


LM101AL 

LM101AH 


ICL8048DPE 


MC1776G 

LF353AN 

MC34002AP 


LM101D 


LM101AJ 

IH5101IIE 


MC1545G 

LF353BN 

MC34002BP 


LM101F 


LM101AH 

IH5101MIE 


MC1545G 

LF355AH 

LF355AH 


LM101H 

LM101AH 


ITT641 


MC1385P 

LF355AJG 

LF355AJ 


LM101J-14 


LM101AJ 

1TT652 

MC1411P 


LF355AL 

LF355AH 


LM104F 


LM104H 

ITT654 

MC1412P 


LF355AP 

LF355AN 


LM104H 

LM104H 


ITT656 

MC1413P 


LF355BH 

LF355BH 


LM104J 


LM104H 

ITT1330 

MC1330P 


LF355BJ 

LF355BJ 


LM104L 

LM104H 


ITT1352 

MC1352P 


LF355BN 

LF355BN 


LM105F 


LM105H 

ITT3064 

MC1364P 


LF355H 

LF355H 


LM105H 

LM105H 


ITT3065 

MC1358P 


LF355JG 

LF355J 


LM105JG 


LM105H 

ITT3066 


MC1399P 

LF355L 

LF355H 


LM105L 

LM105H 


ITT3701 


TDA1190Z 

LF355N 

LF355N 


LM106H 


MC1710G 

ITT3707 


MC1399P 

LF355P 

LF355N 


LM107F 


LM107H 

ITT3710 


MC1391P 

LF356AH 

LF356AH 


LM107H 

LM107H 


ITT3714 


MC1394P 

LF356AL 

LF356AH 


LM107L 

LM107H 


L144AP 


LM324N 

LF356AJG 

LF356AJ 


LM108AD 

LM108AJ 


L201 

MC1411P 


LF356AP 

LF356AN 


LM108AF 

LM108AF 


L202 

MC1412P 


LF356BH 

LF356BH 


LM108AH 

LM108AH 


L203 

MC1413P 


LF356BJ 

LF356BJ 


LM108AJ 

LM108J-8 


LD111CJ 

MC1405L 


LF356BN 

LF356BN 


LM108D 

LM108J 


LF152D 


LF155J 

LF356H 

LF356H 


LM108F 

LM108F 


LF155AH 

LF155AH 


LF356JG 

LF356J 


LM108H 

LM108H 


LF155AJG 

LF155AJ 


LF356L 

LF356H 


LM109H 

LM109H 


LF155AL 

LF155AH 


LF356N 

LF356N 


LM109K 

LM109K 


LF155H 

LF155H 


LF356P 

LF356N 


LM109LA 

LM109K 


LF155JG 

LF155J 


LF357AH 

LF357AH 


LM111D 

LM111J 


LF155L 

LF155H 


LF357BH 

LF357BH 


LM111H 

LM111H 


LF156AH 

LF156AH 


LF357BJ 

LF357BJ 


LM112D 


MC1556L 

LF156AJG 

LF156AJ 


LF357BN 

LF357BN 


LM112F 


MC1556L 

LF156AL 

LF156AH 


LF357H 

LF357H 


LM112H 


MC1556G 

LF156H 

LF156H 


LF357JG 

LF357J 


LM117H 

LM117H 






LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 

LM117K —LM309H 


MOTOROLA 

DIRECT 

PART NO. REPLACEMENT 

MOTOROLA 

SIMILAR 

REPLACEMENT 

PART NO. 

MOTOROLA 

DIRECT 

REPLACEMENT 

MOTOROLA 

SIMILAR 

REPLACEMENT 

MOTOROLA 

DIRECT 

PART NO. REPLACEMENT 

MOTOROLA 

SIMILAR 

REPLACEMENT 

LM117K 

LM117K 


LM201AF 


LM201AH 

LM239D 

LM239J 


LM118D 


MC1741SL 

LM201AH 

LM201AH 


LM239J 

LM239J 


LM118F 


MC1741SL 

LM201AJ 


LM201AJ 

LM240LAH-5.0 


MC78L05ACG 

LM118H 


MC1741SG 

LM201AJG 

LM201AJ 


LM240LAH-6.0 


MC78L06CG 

LM120H-5 0 

LM120H-5.0 


LM201AL 

LM201AH 


LM240LAH-8 0 


MC78L08ACG 

LM120H-5.2 


MC7905.2CK 

LM201AN 


LM201AN 

LM240LAH-12 


MC78L12ACG 

LM120H-6 0 

LM120H-6.0 


LM201AP 

LM201AN 


LM240LAH-15 


MC78L15ACG 

LM120H-8 0 

LM120H-8,0 


LM201AJ-14 


LM201AJ 

LM240LAH-18 


MC78L18ACG 

LM120H-12 

LM120H-12 


LM201D 


LM201AJ 

LM240LAH-24 


MC78L24ACG 

LM120H-15 

LM120H-15 


LM201F 


LM201AH 

LM240LAZ-5 0 


MC78L05ACP 

LM120H-18 

LM120H-18 


LM201H 

LM201AH 


LM240LAZ-6 0 


MC78L06ACP 

LM120H-24 

LM120H-24 


LM201J 

LM201AJ 


LM240LAZ-80 


MC78L08ACP 

LM120K-5.0 

LM120K-5 0 


LM201J-14 


LM201AJ 

LM240LAZ-12 


MC78L12ACP 

LM120K-5.2 


MC7905 2CK 

LM204H 

LM204H 


LM240LAZ-15 


MC78L15ACP 

LM120K-6 0 

LM120K-6 0 


LM204F 


LM204H 

LM240LAZ-18 


MC78L18ACP 

LM120K-8.0 

LM120K-8 0 


LM205F 


LM205H 

LM240LAZ-24 


MC78L24ACP 

LM120K-12 

LM120K-12 


LM205H 

LM205H 


LM243H 


MC1536G 

LM120K-15 

LM120K-15 


LM206H 


MC1710CG 

LM245K 


MC7905CK 

LM120K-18 

LM120K-18 


LM207F 


LM207H 

LM248D 

LM248J 


LM120K-24 

LM120K-24 


LM207H 

LM207H 


LM248J 

LM248J 


LM122F 


MC1555G 

LM208AD 

LM208AJ 


LM249D 


MC4741L 

LM122H 


MC1555G I 

LM208AF 

LM208AF 


LM249J 


MC4741L 

LM124AD 


LM124J 

LM208AH 

LM208AH 


LM258AH 


LM258H 

LM124AF 


LM124J 

LM208AJ 

LM208AJ-8 


LM258H 

LM258H 


LM124AJ 


LM124J 

LM208D 


LM208J-8 

LM2901N 

LM2901N 


LM124D 

LM124J 


LM208F 

LM208F 


LM300F 


LM305H 

LM124F 


LM124J 

LM208H 

LM208H 


LM271H 


MC1590G 

LM124J 

LM124J 


LM209K 

LM209K 


LM300H 


LM305H 

LM125H 


MC1568G 

LW209H 

LM209H 


LM301AD 


LM301AJ 

LM126H 


MC1568G 

LM211D 

LM211J 


LM301AF 


LM301AH 

LM128H 


MC1568G 

LM211H 

LM211H 


LM301AH 

LM301AH 


LM139AD 

LM139AJ 


LM212D 


MC1556L 

LM301AJ 

LM301AJ 


LM139AJ 

LM139AJ 


LM212F 


MC1556L 

LM301AJG 

LM301AJ 


LM139D 

LM139J 


LM212H 


MC1456G 

LM301AL 

LM301AH 


LM139J 

LM139J 


LM217H 

LM217H 


LM301AN 

LM301AN 


LM140K-5 0 

LM140K-5 0 


LM217K 

LM217K 


LM301AP 

LM301AN 


LM140K-6 0 

LM140K-6.0 


LM218D 


MC1741SL 

LM302H 

LM310H 


LM140K-8 0 

LMt40K-8.0 


LM218F 


MC1741SL 

LM304F 


LM304H 

LM140K-12 

LM140K-12 


LM218H 


MC1741SG 

LM304H 

LM304H 


LM140K-15 

LM140K-15 


LM220H-5 0 


MC7905CK 

LM304J 


LM304H 

LM140K-18 

LM140K-18 


LM220H-5.2 


MC7905 2CK 

LM304L 

LM304H 


LM140K-24 

LM140K-24 


LM220H-6 0 


MC7906CK 

LM304N 


LM304H 

LM140LAH-5 0 

MC76L05ACG 

LM220H-8 0 


MC7908CK 

LM305AH 


LM305H 

LM140LAH-6 0 

MC78L06ACG 

LM220H-12 


MC7912CK 

LM305AJG 


LM305H 

LM140LAH-8 0 

MC78L08ACG 

LM220H-15 


MC7915CK 

LM305AL 


LM305H 

LM140LAH-12 


MC78L12ACG 

LM220H-18 


MC7918CK 

LM305AP 


LM305H 

LM140LAH-15 


MC78L15ACG 

LM220H-24 


MC7924CK 

LM305F 


LM305H 

LM140LAH-18 


MC78L18ACG 

LM220K-5.0 


MC7905CK 

LM305H 

LM305H 


LM140LAH-24 


MC78L24ACG 

LM220K-5.2 


MC7905.2CK 

LM305JG 


LM305H 

LM143D 


MC1536G 

LM220K-6 0 


MC7906CK 

LM305L 

LM305H 


LM143F 


MC1536G 

LM220K-8.0 


MC7908CK 

LM305P 


LM3Q5H 

LW143H 


MC1536G 

LM220K-12 


MC7912CK 

LM306H 


MC1710CG 

LM145K 


MC7905CK 

LM220K-15 


MC7915CK 

LM307F 


LM307H 

LM148D 

LW1148J 


LM220K-18 


MC7918CK 

LM307H 

LM307H 


LM148J 

LM148J 


LM220K-24 


MC7924CK 

LM307L 

LM307H 


LM148F 


MC4741L 

LM222H 


MC1555G 

LM307N 

LM307N 


LM149D 


MC4741L 

LM224AD 


LM224J 

LM307P 

LM307N 


LM149F 


MC4741L 

LM224AF 


LM224J 

LM308AD 

LM308AJ 


LM158AH 


LM158H 

LM224AJ 


LM224J 

LM308AF 


LM308AJ 

LM158H 

LM158H 


LM224D 

LM224J 


LM308AH 

LM308AH 


LM158JG 

LM158J 


LM224F 


LM224L 

LM308AH-1 


LM308AH 

LM158L 

LM158H 


LM224J 

LM224J 


LM308AH-2 


LM308AH 

LM163J 


MC3450L 

LM225H 


MC1568G 

LM308AJ 

LM308AJ-8 


LW171H 


MC1590G 

LM226H 


MC1568G 

LM308D 

LM308J 


LM200F 


LM205H 

LM228H 


MC1568G 

LM308H 

LM308H 


LM20QH 


LM205H 

LM239AD 

LM239AJ 


LM308N 

LM308N 


LM201AD 


LM201AJ 

LM239AJ 

LM239AJ 


LM309H 

LM309H 



1-14 





LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 


LM309K —LM741J-14 


MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA 

DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR 


PART NO. REPLACEMENT 

REPLACEMENT 

PART NO. REPLACEMENT 

REPLACEMENT 

PART NO. REPLACEMENT 

REPLACEMENT 

LM309K 

LM309K 


LM340K-6.0 

LM340K-60 


LM363N 


MC3450P 

LM309KC 

LM309K 


LM340K-8 0 

LM340K-8 0 


LM371H 


MC1590G 

LM309LA 

LM309K 


LM340K-12 

LM340K-12 


LM376JG 


LM305H 

LM311D 

LM311J 


LM340K-15 

LM340K-15 


LM376L 

LM305H 


LM311H 

LM311H 


LM340K-18 

LM340K-18 


LM376N 


LM305H 

LM311N 

LM311N 


LM340K-24 

LM340K-24 


LM376P 


LM305H 

LM311N-14 

LM311J 


LM340KC-5 0 

MC7805CK 


LM386N 


MC1306P 

LM312D 


MC1456L 

LM340KC-6 0 

MC7806CK 


LM555CH 

MC1455G 


LM312F 


MC1456L 

LM340KC-8 0 

MC7808CK 


LM555CN 

MC1455P1 


LM312H 


MC1456G 

LM340KC-12 

MC7812CK 


LM555H 

MC1555G 


LM317H 

LM317H 


LM340KC-15 

MC7815CK 


LM556CD 

MC3456L 


LM317K 

LM317K 


LM340KC-18 

MC7818CK 


LM556CJ 

MC3456L 


LM317P 

LM317T 


LM340KC-24 

MC7824CK 


LM556CN 

MC3456P 


LM317T 

LM317T 


LM340LAH-5 0 


MC78L05ACG 

LM556D 

MC3556L 


LM318D 


MC1741SCL 

LM340LAH-6 0 


MC78L06ACG 

LM556J 

MC3556L 


LM318F 


MC1741SCL 

LM340LAH-8 0 


MC78L08ACG 

LM565CH 


NE565N 

LM318H 


MC1741SCG 

LM340LAH-12 


MC78L12ACG 

LM565CN 

NE565N 


LM318N 


MC1741SCP1 

LM340LAH-15 


MC78L15ACG 

LM565H 


NE565N 

LM320H-5 0 

LM320H-5 0 


LM340LAH-18 


MC78L18ACG 

LM703LN 


MC1350P 

LM320H-5.2 


MC7905 2CK 

LM340LAH-24 


MC78L24ACG 

LM709AH 

MC1709AG 


LM320H-6 0 

LM320H-6.0 


LM340LAZ-5 0 


MC78L05ACP 

LM709AJ 

MC1709AL 


LM320H-8 0 

LM520H-8 0 


LM340LAZ-6 0 


MC78L06ACP 

LM709CH 

MC1709CG 


LM320H-12 

LM320H-12 


LM340LAZ-8 0 


MC78L08ACP 

LM709CJ 

MC1709CL 


LM320H-15 

LM320H-15 


LM340LAZ-12 


MC78L12ACP 

LM709CN 

MC1709CP2 


LM320H-18 

LM320H-18 


LM340LAZ-15 


MC78L15ACP 

LM709CN-8 

MC1709CP1 


LM320H-24 

LM320H-24 


LM340LAZ-18 


MC78L18ACP 

LM709H 

MC1709G 


LM320K-5.0 

LM320K-5.0 


LM340LAZ-24 


MC78L24ACP 

LM709J 

MC1709L 


LM320K-6.0 

LM320K-6 0 


LM340T-5 0 

MC7805CT 


LM710CH 

MC1710CG 


LM320K-8 0 

LM320K-8 0 


LM340T-6 0 

MC7806CT 


LM710CN 

MC1710CP 


LM320K-12 

LM320K-12 


LM340T-8 0 

MC7808CT 


LM710H 

MC1710G 


LM320K-15 

LM320K-15 


LM340T-12 

MC7812CT 


LM711CH 

MC1711CG 


LM320K-18 

LM320K-18 


LM340T-15 

MC7815CT 


LM711CN 

MC1711CP 


LM320K-24 

LM320K-24 


LM340T-18 

MC7818CT 


LM711H 

MC1711G 


LM320MP-5 0 


MC7905CT 

LM340T-24 

MC7824CT 


LM723CD 

LM723CJ 


LM320MP-52 


MC7905 2CT 

LM341P-5 0 

MC78M05CT 


LM723CH 

LM723CH 


LM320MP-6 0 


MC7906CT 

LM341P-6 0 

MC78M06CT 


LM723CJ 

LM723CJ 


LM320MP-8 0 


MC7908CT 

LM34 IP-8 0 

MC78M08CT 


LM723CN 

LM723CN 


LM320MP-12 


MC7912CT 

LM341P-12 

MC78M12CT 


LM723D 

LM723J 


LM320MP-15 


MC7915CT 

LM341P-15 

MC78M15CT 


LM723H 

LM723H 


LM320MP-18 


MC7918CT 

LM341P-18 

MC78M18CT 


LM723J 

LM723J 


LM320MP-24 


MC7924CT 

LM341P-24 

MC78M24CT 


LM733CD 

MC1733CL 


LM320T-5 0 

LM320T-5.0 


LM342P-5 0 

MC78M05CT 


LM733CH 

MC1733CG 


LM320T-52 


MC7905 2CT 

LM342P-6 0 

MC78M06CT 


LM733CJ 

MC1733CL 


LM320T-6.0 

LM320T-6 0 


LM342P-8 0 

MC78M08CT 


LM733CN 

MC1733CP 


LM320T-80 

LM320T-8 0 


LM342P-12 

MC78M12CT 


LM733D 

MC1733L 


LM320T-12 

LM320T-12 


LM342P-15 

MC78M15CT 


LM733H 

MC1733G 


LM320T-15 

LM320T-15 


LM342P-18 

MC78M18CT 


LM733J 

MC1733L 


LM320T-18 

LM320T-18 


LM342P-24 

MC78M24CT 


LM741AD 


MC1741L 

LM320T-24 

LM320T-24 


LM343D 


MC1436G 

LM741AF 


MC1741F 

LM322H 


MC1455G 

LM343H 


MC1436G 

LM741AH 


MC1741G 

LM322N 


MC1455P1 

LM345K 


MC7905CK 

LM741AJ-14 


MC1741L 

LM324AJ 


LM324J 

LM348D 

LM348J 


LM741CD 

LM1741CJ 


LM324AN 


LM324N 

LM348J 

LM348J 


LM741CF 

LM741CF 


LM324J 

LM324J 


LM348N 

LM348N 


LM741CH 

LM741CH 


LM324N 

LM324N 

MC3403P 

LM349D 


MC4741CL 

LM741CJ 

LM741CJ 


LM325AN 


MC1468L 

LM349J 


MC4741CL 

LM741CJ-14 

LM741CJ-14 


LM325H 


MC1468G 

LM349N 


MC4741CL 

LM741CN 

LM741CN 


LM325N 


MC1468L 

LM358AH 


LM358H 

LM741CN-14 

LM741CN-14 


LM326H 


MC1468G 

LM358AN 


LM358N 

LM741D 

LM741J-14 


LM326N 


MC1468L 

LM358H 

LM358H 


LM741ED 


MC1741CL 

LM328AN 


MC1468L 

LM358JG 

LM358J 


LM741EH 


MC1741CG 

LM328H 


MC1468G 

LM358L 

LM358H 


LM741EJ 


MC1741CU 

LM328N 


MC1468L 

LM358N 

LM358N 


LM741EJ-14 


MC1741CL 

LM339AD 

LM339AJ 


LM358P 

LM358N 


LM741EN 


MC1741CP1 

LM339AN 

LM339AN 


LM363AJ 


MC3450L 

LM741F 

LM741F 


LM339N 

LM339N 


LM363AN 


MC3450P 

LM741H 

LM741H 


LM340K-5.0 

LM340K-50 


LM363J 


MC3450L 

LM741J-14 

LM741J-14 



H ^ C 







LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 


LM746N —ML107T 



MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA 

DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR 

PART NO REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT PART NO. REPLACEMENT REPLACEMENT 


LM746N 


MC1323P 

LM3071N 


MC1399P 

LM75108AJ 

MC75108L 


LM747CD 

LM747CJ 


LM3075N 

MC1375P 


LM75108AN 

MC75108P 


LM747CF 

LM747CF 


LM3086N 

MC3386P 


LM75110J 

MC75S110L 


LM747CH 

LM747CH 


LM3126 


MC1399P 

LM75110N 

MC75S110P 


LM747CJ 

LM747CJ 


LM3146 


MC3346P 

LM75121J 

IVIC8T13L 


LM747CN 

LM747CN 


LM3146A 


MC3346P 

LM75121N 

MC8T13P 


LM747D 

LM747J 


LM3301N 

MC3301P 


LM75122J 

MC8T14L 


LM747F 

LM747F 


LM3302J 

MC3302L 


LM75122N 

MC8T14P 


LM747H 

LM747H 


LM3302N 

MC3302P 


LM75123J 

MC8T23L 


LM747J 

LM747J 


LM3401N 

MC3401P 


LM75123N 

MC8T23P 


LM748CH 

MC1748CG 


LM3900N 


MC3401P 

LM75124J 

MC8T24L 


LM748CJ 

MC1748CU 


LM3905N 


MC1455P1 

LM75124N 

MC8T24P 


LM748CN 

MC1748CP1 


LM4250CH 


MC1776CG 

LM75207L 


MC75107L 

LM748H 

MC1748G 


LM4250CN 


MC1776CP1 

LM75207N 


MC75107P 

LM748J 

MC1748U 


LM4250H 


MC1776G 

LM75208J 


MC75108L 

LM1310N 

MC1310P 


LM5525J 

MC5525L 


LM75208N 


MC75108P 

LM1351N 

MC1351P 


LM5528J 

MC5528L 


LM75324J 


MC75325L 

LM1391N 

MC1391P 


LM5529J 

MC5529L 


LM75324N 


MC75325P 

LM1394N 

MC1394P 


LM5534J 

MC5534L 


LM75325J 

MC75325P 


LM1414J 

MC1414L 


LM5535J 

MC5535L 


LM75325N 

MC75325L 


LM1414N 

MC1414P 


LM5538J 

MC5538L 


LM75450N 

MC75450P 


LM1458H 

MC1458G 


LM5529J 

MC5539L 


LM75451N 

MC75451P 


LM1458J 

MC1458U 


LM7524J 

MC7524L 


LM75452N 

MC75452P 


LM1458N 

MC1458P1 


LM7524N 

MC7524P 


LM75453N 

MC75453P 


LM1458N-14 

MC1458P2 


LM7525J 

MC7525L 


LM75454N 

MC75454P 


LM1488J 

MC1488L 


LM7805KC 

MC7805CK 


MC1310A 

MC1310P 


LM1488N 

MC1488P 


LM7806KC 

MC7806CK 


MC1408B 

MC1408P8 


LM1489AJ 

MC1489AL 


LM7808KC 

MC7808CK 


MC1408F 

MC1408L8 


LM1489AN 

MC1489AP 


LM7812KC 

MC7812CK 


MC1458JG 

MC1458U 


LM1489J 

MC1489L 


LM7815KC 

MC7815CK 


MC1458L 

MC1458G 


LM1489N 

MC1489P 


LM7818KC 

MC7818CK 


MC1458P 

MC1458P1 


LM1496H 

MC1496G 


LM7824KC 

MC7824CK 


MC1558JG 

MC1558U 


LM1496J 

MC1496L 


LM78L05ACH 

MC78L05ACG 


MC1558L 

MC1558G 


LM1496N 

MC1496P 


LM78L05ACZ 

MC78L05ACP 


MH0026H 


MMH0026CG 

LM1514J 

MC1514L 


LM78L05CH 

MC78L05CG 


MH0026CH 

MMH0026CG 


LW1558H 

MC1558G 


LM78L05CZ 

MC78L05CP 


MH0026CN 

MMH0026CP1 


LM1558J 

MC1558U 


LM78L08ACH 

MC78L08ACG 


MH0026G 


MMH0026CG 

LM1596H 

MClSgeG 


LM78L08ACZ 

MC78L08ACP 


MH0026CG 


MMH0026CG 

LM1596J 

MC1596L 


LM78L08CH 

MC78L08CG 


MH0026F 


MMH0026CL 

LM1800AN 


MC1310P 

LM78L08CZ 

MC78L08CP 


MH0026CF 


MMH0026C1 

LM1800N 


MC1310P 

LM78L12ACH 

MC78L12ACG 


M1C709-1 

MC1709G 


LW1805 


MC1385P 

LM78L12ACZ 

MC78L12ACP 


MIC709-5 

MC1709CG 


LM1808N 


TDA1190Z 

LM78L12CH 

MC78L12CG 


MIC710-1C 

MC1710G 


LW1828N 


MC1323P 

LM78L12CZ 

MC78L12CP 


MIC710-5C 

MC1710CG 


LW1841N 

MC1356P 


LM78L15ACH 

MC78L15ACG 


MIC711-1C 

MC1711G 


LM1845N 


MC1344P 

LM78L15ACZ 

MC78L15ACP 


MIC711-5C 

MC1711CG 


LW1848N 


MC1323P 

LM78L15CH 

MC78L15CG 


MIC712-1B 

MC1712F 


LM1850N 


MC3426L 

LM78L15CZ 

MC78L15CP 


MIC712-1C 

MC1712G 


LW1900D 


MC3301L 

LM78L18ACH 

MC78L18ACG 


MIC712-1D 

MC1712L 


LW2111N 

MC1357P 


LM78L18ACZ 

MC78L18ACP 


MIC712-5B 

MC1712CF 


LM2113N 


MC1357P 

LM78L18CH 

MC78L18CG 


MIC712-5C 

MC1712CG 


LM2900J 


MC3301L 

LM78L18CZ 

MC78L18CP 


MIC712-5D 

MC1712CL 


LM2900N 


MC3301P 

LM78L24ACH 

MC78L24ACG 


MIC723-1 

MC1723G 


LM2902J 

LM2902J 


LM78L24ACZ 

MC78L24ACP 


MIC723-5 

MC1723CG 


LM2902N 

LM2902N 


LM78L24CH 

MC78L24CG 


MIC741-1C 

MC1741G 


LM2904N 

LM2904N 


LM78L24CZ 

MC78L24CP 


MIC741-1D 

MC1741L 


LM29Q5N 


MC1455P1 

LM55107AJ 

MC55107L 


MIC741-5C 

MC1741CG 


LM3011H 


MC1550G 

LM55108AJ 

MC55108L 


MIC741-5D 

MC1741CL 


LM3026 


CA3054 

LM55109J 


MC75S110L 

ML101AF 


LM101AH 

LM3045 


MC3346P 

LM55110J 


MC75S110L 

ML101AM 


LM101AH 

LM3046N 

MC3346P 


LM55121J 


MC8T13L 

ML101AT 

LM101AH 


LM3054 

CA3054 


LM55122J 


MC8T14L 

ML101F 


LM101AH 

LM3064N 

MC1364P 


LM55123J 


MC8T23L 

ML101M 


LM101AH 

LM3065N 

MC1358P 


LM55124J 


MC8T24L 

ML101T 

LM101AH 


LM3066N 


MC1399P 

LWI55325N 

MC55325L 


ML107F 


LM107H 

LM3067N 


MC1323P 

LM75107AJ 

MC75107L 


ML107M 


LM107H 

LM3070N 


MC1399P 

LM75107AN 

MC75107P 


ML107T 

LM107H 
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 


ML108AF —OP-08B 



MOTOROLA 

MOTOROLA 


MOTOROLA 

MOTOROLA 


MOTOROLA 

MOTOROLA 


DIRECT 

SIMILAR 


DIRECT 

SIMILAR 


DIRECT 

SIMILAR 

PART NO. 

REPLACEMENT 

REPLACEMENT 

PART NO. 

REPLACEMENT 

REPLACEMENT 

PART NO. 

REPLACEMENT 

REPLACEMENT 

ML108AF 


MC1556G 

ML741AT 


MC1556G 

N5747F 

MC1747CL 


ML108AM 

LM108AJ 


ML741CP 

MC1741CP2 


N5748A 


MC1747CG 

ML108AT 

LM108AH 


ML741CS 

MC1741CP1 


N5748T 

MC1748CG 


ML108M 

LM108J 


ML741CT 

MC1741CG 


N8T13B 

MC8T13P 


ML108T 

LIVI108H 


ML741F 

MC1741F 


N8T13P 

MC8T13L 


ML111M 

LM111J 


ML741M 

MC1741L 


N6T14B 

MC8T14P 


ML111S 


LM111J 

ML741T 

MC1741G 


N8T14E 

MC8T14L 


ML111T 

LM111H 


ML747CP 

MC1747CL 


N8T15A 


MC1488L 

ML118F 


MC1741SG 

ML747CT 

MC1747CG 


N8T15F 


MC1488L 

ML118M 


MC1741SG 

ML747F 

MC1747F 


N8T16A 


MC1489L 

ML118T 


MC1741SG 

ML747M 

MC1747L 


N8T23B 

MC8T23P 


ML201AF 


LM201AH 

ML747T 

MC1747G 


N8T23E 

MC8T23L 


ML201AM 


LM201AH 

ML748CP 


LM301AN 

N8T24B 

MC8T24P 


ML201AT 

LM201AH 


ML748CS 

LM301AN 


N8T24E 

MC8T24L 


ML201F 


LM201AH 

ML748CT 

MC1748CG 


N8T26AB 

MC8T26AP 


ML201M 


LM201AH 

ML748F 


MC1748G 

N8T26AE 

MC8T26AL 


ML201T 

LM201AH 


ML748M 


MC1748G 

N8T26B 

MC8T26AP 


ML207F 


LM207H 

ML748T 

MC1748G 


N8T28B 

MC8T28P 


ML207M 


LM207H 

ML1436T 

MC1436G 


N8T37A 

MC3437P 


ML207T 

LM207H 


ML1437P 

MC1437P 


N8T38A 

MC3438P 


ML208AF 


MC1556G 

ML1458P 

MC1458P2 


N8T95B 

MC8T95P 


ML208AM 

LM208AJ 


ML1458S 

MC1458P1 


N8T95F 

MC8T95L 


ML208AT 

LM208AH 


ML1458T 

MC1458G 


N8T96B 

MC8T96P 


ML208M 

LM208J 


ML1488M 

MC1488L 


N8T96F 

MC8T96L 


ML208T 

LM208H 


ML1489AM 

MC1489AL 


N8T97B 

MC8T97P 


ML211M 

LM211J 


ML1489M 

MC1489L 


N8T97F 

MC8T97L 


ML211S 

LM211N 


ML1536T 

MC1536G 


N8T98B 

MC8T98P 


ML211T 

LM211H 


ML1537M 

MC1537L 


N8T98F 

MC8T98L 


ML218F 


MC1741SG 

ML1558M 

MC15581. 


NE501A 


MC1733CL 

ML218M 


MC1741SG 

ML1558T 

MC1558G 


NE501K 


MC1733CG 

ML218T 


MC1741SG 

ML3046P 

MC3346P 


NE515A 


MC1420G 

ML301AP 


LM301AN 

ML4250T 


MC1776G 

NE515G 


MC1520F 

ML301AS 

LM301AN 


ML4250CS 


MC1776CG 

NE515K 


MC1420G 

ML301AT 

LM301AH 


ML4250CT 


MC1776CG 

NE516A 


MC1420G 

ML301P 


LM301AN 

ML4251T 


MC1776G 

NE516G 


MC1520F 

ML301S 

LM301AN 


ML4251CS 


MC1776CG 

NE516K 


MC1420G 

ML301T 

LM301AN 


ML4251CT 


MC1776CG 

NE531G 


MC1439G 

ML307P 


LM307H 

ML6503M 


MC1537L 

NE531T 


MC1439G 

ML307S 

LM307N 


ML7503M 


MC1437L 

NE531V 


MC1439P 

ML307T 

LM307H 


N5065A 

MC1358P 


NE533G 


MC1776CG 

ML308AM 

LM308AJ 


N5070B 


MC1399P 

NE533T 


MC1776CG 

ML308AT 

LM308AH 


N5071A 


MC1399P 

NE533V 


MC1776CG 

ML308M 

LM308J 


N5072A 


MC1323P 

NE537G 


MC1456G 

ML308T 

LM308H 


N5556T 

MC1456G 


NE537T 


MC1456G 

ML311M 

LM311J 


N5556V 

MC1456P1 


NE540L 


MC1554G 

ML311P 

LM311J 


N5558F 

MC1458L 


NE550A 


MC1723CP 

ML311S 

LM311N 


N5558T 

MC1458G 


NE550L 


MC1723CG 

ML311T 

LM311H 


N5558V 

MC1458P1 


NE555JG 

MC1455U 


ML318M 


MC1741SCP1 

N5595A 

MC1495L 


NE555L 

MC1455G 


ML318T 


MC1741SCG 

N5595F 

MC1495L 


NE555P 

MC1455P1 


ML709AF 

MC1709AF 


N5596A 

MC1496L 


NE555T 

MC1455G 


ML709AM 

MC1709AL 


N5596K 

MC1496G 


NE555V 

MC1455P1 


ML709AT 

MC1709AG 


N5709A 

MC1709CP2 


NE556A 

MC3456P 


ML709CP 

MC1709CP2 


N5709G 

MC1709CF 


NE556I 

MC3456L 


ML709CT 

MC1709CG 


N5709T 

MC1709CG 


NE565A 

NE565N 


ML709F 

MC1709F 


N5709V 

MC1709CP1 


NE565K 


NE565N 

ML709M 

MC1709L 


N5710A 

MC1710CP 


NE592A 

NE592A 


ML709T 

MC1709G 


N5710T 

MC1710CG 


NE592K 

NE592K 


ML723CF 


MC1723CL 

N5711A 

MC1711CP 


OP-01C 


MC1536 

ML723CM 

MC1723CL 


N5711K 

MC1711CG 


OP-01G 


MC1536 

ML723CP 

MC1723CL 


N5723A 


MC1723CP 

OP-01H 


MC1536 

ML723CT 

MC1723CG 


N5723T 

MC1723CG 


OP-01J 


MC1536G 

ML723F 


MC1723L 

N5733K 

MC1733CG 


OP-OIL 


MC1536G 

ML725M 

MC1723L 


N5741A 

MC1741CP2 


OP-01P 


MC1536P 

ML723T 

MC1723G 


N5741T 

MC1741CG 


OP-08 


MC1776 

ML741AF 


MC1556G 

N5741V 

MC1741CP1 


OP-08A 


MC1776 

ML741AM 


MC1556G 

N5747A 

MC1747CL 


OP-OGB 


MC1776 





LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 


OP-08C —SG208AM 



MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA MOTOROLA 

DIRECT SIMILAR DIRECT SIMILAR DIRECT SIMILAR 


PART NO. REPLACEMENT 

REPLACEMENT 

PART NO. 

REPLACEMENT 

REPLACEMENT 

PART NO. 

REPLACEMENT 

REPLACEMENT 

OP-08C 


MC1776 

RG75110OP 

MC75S110P 




MC1776G 

OP-08E 


MC1776 

RC75325DD 

MC75325L 


SE533T 


MC1776G 

PA239A 


MC1303P 

REF-01CJ 


C1404U10 

SE537G 


MC1556G 

RC702T 

MC1712CG 


REF-01DJ 


C1404U10 

SE537T 


MC1556G 

RC709D 

MC1709CL 


REF-01J 


C1504AU10 

SE550L 


MC1723G 

RC709DN 

MC1709CP1 


REF-01HJ 


C1404AU10 

SE555JG 

MC1555U 


RC709DP 

MC1709CP2 


REF-02CJ 


C1404U5 

SE555L 

IVIC1555G 


RC709T 

MC1709CG 


REF-02DJ 


C1404U5 

SE555T 

MC1555G 


RC710DC 

MC1710CL 


REF-02HJ 


C1404AU5 

SE556A 

MC3556L 


RC710DP 

MC1710CP 


REF-02J 


C1504AU5 

SE565A 


MLM565CP 

RC710T 

MC1710CG 


RM702Q 

MC1712F 


SE565K 


MLM565CP 

RC711DC 

MC1711CL 


RM702T 

MC1721G 


SE592A 

SE592L 


RC711DP 

MC1711CP 


RM709D 

MC1709L 


SE592K 

SE592G 


RC711T 

MC1711CG 


RM709Q 

MC1709F 


SG100T 


MC1723G 

RC723D 

MC1723CL 


RM709T 

MC1709G 


SG101AD 


LM101AH 

RC723T 

MC1723CG 


RM710D 

MC1710L 


SG101AT 

LM101AH 


RC733D 

MC1733CL 


RM710T 

MC1710G 


SG101J 


LM101AH 

RC733T 

MC1733CG 


RM711DC 

MC1711L 


SG101T 

LM101AH 


RC741D 

MC1741CL 


RM711T 

MC1711G 


SG104T 

LM104H 


RC741DN 

MC1741CP1 


RM723D 

MC1723L 


SG105N 


LM105H 

RC741DP 

MC1741CP2 


RM723T 

MC1723G 


SG105T 

LM105H 


RC741Q 

MC1741CF 


RM733D 

MC1733L 


SG107J 


LM107H 

RC741T 

MC1741CG 


RM733T 

MC1733G 


SG107T 

LM107H 


RC747D 

MC1747CL 


RM7410 

MC1741L 


S6108AJ 

LM108AJ 


RC747T 

MC1747CG 


RM741DP 

MC1741P 


SG108AT 

LM108AH 


RC748T 

MC1748CG 


RM741Q 

MC1741F 


SG108J 

LM108J 


RC1414DC 

MC1414L 


RM741T 

MC1741G 


SG108T 

LM108H 


RC1414DP 

MC1414P 


RM747D 

MC1747L 


SG109K 

LM109K 


RC1488DC 

MC1488L 


RM747T 

MC1747G 


SG109T 

LM109H 


RC1489ADC 

MC1489AL 


RM748T 

MC1748G 


SG111D 

LM111J 


RC1489DC 

MC1489L 


RM1514DC 

MC1514L 


SG111T 

LM111H 


BC8T13DD 

MC8T13L 


RM1537D 

MC1537L 


SG118J 


MC1741SL 

RC1437D 

MC1437L 


RM4136D 


MC3503L 

SG118T 


MC1741SG 

RC14370P 

MC1437P 


RM4136J 


MC3503L 

SG120K-05 

LM120K-05 


RC1458DN 

MC1458P1 


RM4195T 


MC1568G 

SG120K-5 2 


MC7905.2CK 

RC1458T 

MC1458G 


RM4195TK 


MC1568R 

SG120K-12 

LM120K-12 


RC1556T 

MC1456CG 


RM4558D 

MC4558U 


SG120K-15 

LM120K-15 


RC1558T 

MC1558G 


RM4558JG 

MC4558U 


SG120T-05 

LM120T-05 


RC3302DB 

MC3302P 


RM4558L 

MC4558G 


SG120T-5 2 


MC7905 2CK 

RC4131DP 


MC1471SCP1 

RM4558T 

MC4558G 


SG120T-12 

LM120T-12 


RC4131T 


MC1741SG 

RM55107AD 

MC55107L 


SG120T-15 

LM120T-15 


RC4136D 


MC3403L 

RM55325DD 

MC55325L 


SG124J 

LM124J 


RC4136DP 


MC3403P 

RV3301DB 

MC3301P 


SG140K-05 

LM140K-5.0 


RC4136J 


MC3403L 

S8T13E 


MC8T13L 

SG140K-06 

LVI140K-6 0 


RC4136N 


MC3403P 

S8T14E 


MC8T14L 

SG140K-08 

LM140K-8 0 


RC4195T 


MC1468G 

S5556T 

MC1556G 


SG140K-12 

LM140K-12 


RC4195TK 


MC1468R 

S5558E 

MC1558L 


SG140K-15 

LM140K-15 


RC4444R 

MC3416L 


S5558T 

MC1558G 


SG140K-18 

LM140K-18 


RC4558DN 

MC4558CP1 


S5596F 

MC1596L 


SG140K-24 

LM140K-24 


RC4558JG 

MC4558CU 


S5596K 

MC1596G 


SG200T 


MC1723G 

RC4558L 

MC4558CG 


S5709G 

MC1709F 


SG201AD 


LM201AH 

RC4558P 

MC4558CP1 


S5709T 

MC1709G 


SG201AM 

LM201AN 


RC4558T 

MC4558CG 


S5710T 

MC1710G 


SG201AN 


LM201AN 

RC8T13MP 

MC8T13P 


S5711K 

MC1711G 


SG201AT 

LM201AH 


RC8T14DD 

MC8T14L 


S5723T 

MC1723G 


SG201J 


LM201AH 

RC8n4MP 

MC8T14P 


S5733K 

MC1733G 


SG201M 

LM201AN 


RC8T23DD 

MC8T23L 


S5741T 

MC1741G 


SG201N 


LM201AN 

RC8T23MP 

MC8T23P 


SE501K 


MC1733G 

SG201T 

LM201AH 


RC8T24DD 

MC8T24L 


SE515G 


MC1520F 

SG204T 

LM204H 


RC8T24MP 

MC8T24P 


SE515K 


MC1520G 

SG205N 


LM205H 

RC75107AD 

MC75107L 


SE516A 


MC1520G 

SG205T 

LM205H 


RC75107ADP 

MC75107P 


SE516G 


MC1520F 

SG207J 


LM207H 

RC75108AD 

MC75108L 


SE516K 


MC1520G 

SG207M 


LM207H 

RC75108ADP 

MC75108P 


SE528E 


MC1544L 

SG207N 


LM207H 

RC75109D 


MC75S110L 

SE528R 


MC1544L 

SG207T 

LM207H 


RC75109DP 


MC75S110P 

SE531G 


MC1539G 

SG208AJ 

LM208AJ 


RC75110D 

MC75S110L 


SE531T 


MC1539G 

SG208AM 

LM208AJ-8 
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 


SG208AT —SG3501AT 



MOTOROLA 

MOTOROLA 


MOTOROLA 

MOTOROLA 


MOTOROLA 

MOTOROLA 


DIRECT 

SIMILAR 


DIRECT 

SIMILAR 


DIRECT 

SIMILAR 

PART NO. 

REPLACEMENT 

REPLACEMENT 

PART NO. 

REPLACEMENT 

REPLACEMENT 

PART NO. 

REPLACEMENT 

REPLACEMENT 

SG208AT 

LM208AH 


SG710CN 

MC1710CP 


SG1456T 

MC1456G 


SG208J 

LM208J 


SG710CT 

MC1710CG 


SG1458M 

MC1458P1 


SG20SM 

LM208J-8 


SG710D 

MC1710L 


SG1458T 

MC1458G 


SG208T 

LM208H 


SG710N 

MC1710CP 


SG1468J 

MC1468L 


SG209K 

LM209K 


SG710T 

MC1710G 


SG1468N 

MC1468L 


SG209T 

LM209H 


SG711CD 

MC1711CL 


SG1468T 

MC1468G 


SG211D 

LM211J 


SG711CN 

MC1711CP 


SG1495D 

MC1495L 


SG211M 

LM211N 


SG711CT 

MC1711CG 


SG1495N 

MC1495L 


SG211T 

LM211H 


SG711D 

MC1711L 


SG1496D 

MC1496L 


SG218J 


MC1741SL 

SG711N 

MC1711CP 


SG1496N 


MC1496L 

SG218M 


MC1741SL 

SG711T 

MC1711G 


SG1496T 

MC1496G 


SG218T 


MC1741SG 

SG723CD 

MC1723CL 


SG1501AD 


MC1568L 

SG224J 

LM224J 


SG723CN 

MC1723CP 


SG1501AT 


MC1568G 

SG224N 

LM224N 


SG723CT 

MC1723CG 


SG1501D 

MC1568L 


SG300N 


MC1723CP 

SG723D 

MC1723L 


SG1501T 

MC1568G 


SG300T 


MC1723CG 

SG723T 

MC1723G 


SG1502D 


MC1568L 

SG301AD 


LM301AH 

SG733CD 

MC1733CL 


SG1502N 


MC1568L 

SG301AM 

LM301AN 


SG733CN 


MC1733CP 

SG1503 

MC1503U 


SG301AN 


LM301AN 

SG733CT 

MC1733CG 


SG1524J 


MC3520L 

SG301AT 

LM301AH 


SG733D 

MC1733L 


SG1536T 

MC1536G 


SG304T 

LM304H 


SG733N 


MC1733L 

SG1556T 

MC1556G 


SG305AT 


LM305H 

SG733T 

MC1733G 


SG1558T 

MC1558G 


SG305N 


LM305H 

SG741CD 

MC1741CL 


SG15950 

MC1595L 


SG305T 

LM305H 


SG741CF 

MC1741CF 


SG1596D 

MC1596L 


SG307J 


LM307N 

SG741CM 

MC1741CP1 


SG1596T 

MC1596G 


SG307M 

LM307N 


SG741CN 

MC1741CP2 


SG1660D 


LM301AH 

SG307N 


LM307N 

SG741CT 

MC1741CG 


SG1660J 


LM308J 

SG307T 

LM307H 


SG7410 

MC1741L 


SG1660M 


LM308N 

SG308AJ 

LM308AJ 


SG741F 

MC1741F 


SG1660T 


LM308H 

SG308AM 

LM308AN 


SG741T 

MC1741G 


SGI 7600 


LM307H 

SG308AT 

LM308AH 


SG741SCM 

MC1741SCP1 


SG1760F 


LM307H 

SG308J 

LM308J 


SG741SCT 

MC1741SCG 


SG1760J 


LM308J 

SG308M 

LM308N 


SG741ST 

MC1741SG 


SG1760M 


LM&08N 

SG308T 

LM308H 


SG747CJ 

MC1747CL 


SG1760T 


LM308H 

SG309K 

LM309K 


SG747CN 

MC1747CP2 


SG2118AJ 


LM208AJ 

SG309T 

LM309H 


SG747CT 

MC1747CG 


SG2118AM 


LM208AJ-8 

SG311D 

LM311J 


SG747J 

MC1747L 


SG2118AT 


LM208AH 

SG311M 

LM311N 


SG747T 

MC1747G 


SG2118J 


LM208J 

SG311T 

LM311H 


SG748CD 


MC1748CP1 

SG2118M 


LM208J-8 

SG318J 


MC1741SCL 

SG748CM 


MC1748CP1 

SG2118T 


LM208H 

SG318M 


MC1741CP1 

SG748CN 


MC1748CP1 

SG2250T 


MC1776G 

SG318T 


MC1741CG 

SG748CT 

MC1748CG 


SG2401N 


MC1433G 

SG320K-05 

LM320K-5 0 


SG748D 


MC1748G 

SG2402N 


MC1494L 

SG320K-5 2 


MC7905 2CK 

SG748T 

MC1748G 


SG2402T 


MC1494L 

SG320K-12 

LM320K-12 


SG777CJ 


LM308AJ 

SG2501AO 


MC1468L 

SG320K-15 

LM320K-15 


SG777CM 


LM308AN 

SG2501AT 


MC1468G 

SG320T-05 

LM320T-5 0 


SG777CN 


LM308AN 

SG2501O 

MC1468L 


SG320T-5 2 


MC7905 2CT 

SG777CT 


LM308AH 

SG2501N 

MC1468L 


SG320T-12 

LM320T-12 


SG777J 


LM108A„ 

SG2501T 

MC1468G 


SG320T-15 

LM320T-15 


SG777T 


LM108Ah 

SG25020 


MC1468L 

SG324J 

LM324J 


SG1118AJ 


LM108AJ 

SG2502N 


MC1468L 

SG324N 

LM324N 


SG1118AT 


LM108AH 

SG2502T 


MC1468G 

SG340K-05 

MC7805CK 


SG1118J 


LM108J 

SG2503 

MC1403AU 


SG340K-06 

MC7806CK 


SG1118T 


LM108H 

SG2524J 


MC3520L 

SG340K-08 

MC7808CK 


SG1217 


MC1741G 

SG3118AJ 


MLM308AL 

SG340K-12 

MC7812CK 


SG1217J 


MC1741SL 

SG3n8AM 


MLM308AP1 

SG340K-15 

MC7815CK 


SG1217T 


MC1741SG 

SG3118AT 


MLM308AG 

SG340K-18 

MC7818CK 


SG1250T 


MC1776G 

SG3118J 


MLM308L 

SG340K-24 

MC7824CK 


SG1401N 


MC1533G 

' SG3118M 


MLM308P1 

SG555CM 

MC1455P1 


SG1401T 


MC1533G 

SG3118T 


MLM308G 

SG555CT 

MC1455G 


SG1402N 


MC1594L 

SG3250T 


MC1776G 

SG555T 

MC1555G 


SG1402T 


MC1594L 

SG3401N 


MC1433G 

SG556CJ 

MC3456L 


SG1436CT 

MC1436CG 


SG3401T 


MC1433G 

SG556CN 

MC3456P 


SG1436M 

MC1436U 


SG3402N 


MC1494L 

SG556J 

MC3556L 


SG1436T 

MC1436G 


SG3402T 


MC1494L 

SG556N 

MC3556L 


SG1456CT 

MC1456CG 


SG3501AO 

MC1468L 


SG710CD 

MC1710CL 





SG3501AT 

MC1468G 






LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 

SG3501D —SN75127N 


MOTOROLA 

DIRECT 

PART NO. REPLACEMENT 

MOTOROLA 

SIMILAR 

REPLACEMENT 

MOTOROLA 

DIRECT 

PART NO. REPLACEMENT 

MOTOROLA 

SIMILAR 

REPLACEMENT 

MOTOROLA 

DIRECT 

PART NO. REPLACEMENT 

MOTOROLA 

SIMILAR 

REPLACEMENT 

SG3501D 

MC1468L 


SN52709AFA 

MC1709AF 


SN72702L 

MC1712CG 


SG3501N 

MC1468L 


SN52709AJ 

MC1709AL 


SN72709J 

MC1709CL 


SG3501T 

MC1468G 


SN52709AL 

MC1709AG 


SN72709L 

MC1709CG 


SG3502D 


MC1468L 

SN52709FA 

MC1709F 


SN72709N 

MC1709CP2 


SG3502G 


MC1468G 

SN52709J 

MC1709L 


SN72709P 

MC1709CP1 


SG3502N 


MC1468L 

SN52709L 

MC1709G 


SN72710J 

IVIC1710CL 


SG3503 

MC1403U 


SN52710FA 

MC1710F 


SN72710L 

MC1710CG 


SG3524J 


MC3420L 

SN52710J 

MC1710L 


SN72710N 

MC1710CP 


SG4250CM 


MC1776CP1 

SN52710L 

MC1710G 


SN72711J 

MC1711CL 


SG4250CT 


MC1776CG 

SN52711FA 

MC1711F 


SN72711L 

MC1711CG 


SG4250T 


MC1776G 

SN52711J 

MC1711L 


SN72711N 

MC1711CP 


SG4501D 

MC1468L 


SN52711L 

MC1711G 


SN72720J 


(VIC1710CL 

SG4501N 

MC1468L 


SN52723FA 

MC1723F 


SN72720L 


IVIC1710CG 

SG4501T 

MC1468G 


SN52723J 

MC1723L 


SN72720N 


MC1710CP 

SG7805CK 

MC7805CK 


SN52723L 

MC1723G 


SN72723J 

MC1723CL 


SG7805K 


MC7805CK 

SN52733J 

MC1733L 


SN72723L 

MC1723CG 


SG7806CK 

MC7806CK 


SN52733L 

MC1733G 


SN72733J 

MC1733CL 


SG7806K 


MC7806CK 

SN52741FA 

MC1741F 


SN72733L 

MC1733CG 


SG7808CK 

MC7808CK 


SN52741J 

MC1741L 


SN72741FA 

MC1741CF 


SG7808K 


MC7808CK 

SN52741L 

MC1741G 


SN72741J 

MC1741CL 


SG7812CK 

MC7812CK 


SN52747FA 

MC1747F 


SN74741L 

MC1741CG 


SG7812K 


MC7812CK 

SN52747J 

MC1747L 


SN72741N 

MC1741CP2 


SG7815CK 

MC7815CK 


SN52747L 

MC1747G 


SN72741P 

MC1741CP1 


SG7815K 


MC7815CK 

SN52748L 

MC1748G 


SN72747FA 

MC1747CF 


SG7818CK 

MC7818CK 


SN52770L 


MC1556G 

SN72747J 

MC1747CL 


SG7818K 


MC7818CK 

SN52771L 


f/C1556G 

SN72747L 

MC1747CG 


SG7824CK 

MC7824CK 


SN52810FA 


MC1710F 

SN72747N 

MC1747CP2 


SG7824K 


MC7824CK 

SN52810J 


MC1710L 

SN72748L 

MC1748CG 


SH0013HC 


MMH0026CG 

SN52810L 


MC1710G 

SN72748P 

MC1748CP1 


SH0013HM 


MMH0026G 

SN52811FA 


MC1711F 

SN72770L 


MC1456G 

SH2001FC 


MC75462P 

SN52811J 


MC1711L 

SN72771L 


MC1456G 

SH2001FM 


MC75462P 

SN52811L 


MC1711G 

SN72810J 


MC1710CL 

SH2001HC 


MC75462P 

SN55107AJ 

MC55107L 


SN72810L 


MC1710CG 

SH2001HM 


MC75462P 

SN55107BJ 


MC55107L 

SN72810N 


MC1710CP 

SH2002FC 


MC75462P 

SN55108AJ 

MC55108L 


SN72811J 


MC1711CL 

SH2002FM 


MC75462P 

SN55108BJ 


MC75108L 

SN72811L 


MC1711CG 

SH2002HC 


MC75462P 

SN55109J 


MC75S110L 

SN72811N 


MC1711CP 

SH2002HM 


MC75462P 

SN55110J 


MC75S110L 

SN72905 

MC7905CT 


SH2002HC 


MC75462P 

SN55244J 

MC1544L 


SN72906 

MC7906CT 


SH2200FC 


MC75462P 

SN55325J 

MC55325L 


SN72908 

MC7908CT 


SH2200FM 


MC75462P 

SN72301AL 

LM301AH 


SN72912 

MC7912CT 


SH2200HC 


MC75462P 

SN72301AP 

LM301AN 


SN72915 

MC7915CT 


SH2200HM 


MC75462P 

SN72304L 

LM304H 


SN72L022P 


LM358N 

SH2200PC 


MC75462P 

SN72305AL 


LM305H 

SN72L044JA 


LM324N 

SH8090FM 


MC1508L8 

SN72305L 

LM305H 


SN72L044N 


LM324N 

SN5510FA 

MC1510F 


SN72306J 


MC1710CL 

SN75107AJ 

MC75107L 


SN5510L 

MC1510G 


SN72306L 


MC1710CG 

SN75107AN 

MC75107P 


SN52101AL 

LM101AH 


SN72306N 


MC1710CP 

SN75107BJ 


MC75107L 

SN52104L 

LM101H 


SN72307L 

LM307H 


SN75107BN 


MC75107P 

SN52105L 

LM105H 


SN72308AL 

LM308AH 


SN75108AJ 

MC75108L 


SN52106J 


MC1710L 

SN72308L 

LM308H 


SN75108AN 

MC75108P 


SN52106L 


MC1710G 

SN72309L 

LM309H 


SN75108BJ 


MC75108L 

SM52107L 

LM107H 


SN72311L 

LM311H 


SN75108BN 


MC75108P 

SN52108AL 

LM108AH 


SN72311P 

LM311N 


SN75121J 

MC8T13L 


SN52108L 

LM108H 


SN72376L 


LM305H 

SN75121N 

MC8T13P 


SN52109L 

LM109H 


SN72440J 


MC3370P 

SN75122J 

MC8T14L 


SN52510J 


MC1710L 

SN72440N 


MC3370P 

SN75122N 

MC8T14P 


SN52510L 


MC1710G 

SN72510J 


MC1710CL 

SN75123J 

MC8T23L 


SN52514J 

MC1514L 


SN72510L 


MC1710CG 

SN75123N 

MC8T23P 


SN52555L 

MC1555G 


SN72510N 


MC1710CP 

SN75124J 

MC8T24L 


SN52558L 

MC1558G 


SN72514J 


MC1414L 

SN75124N 

MC8T24P 


SN52702AFA 


MC1712F 

SN72514N 


MC1414P 

SN75125J 

MC75125L 


SN52702AJ 


MC1712L 

SN72555L 

MC1455G 


SN75125N 

MC75125P 


SN52702AL 


MC1712G 

SN72555P 

MC1455P1 


SN75126J 


MC3481/5L 

SN52702FA 

MC1712F 


SN72558L 

MC1458G 


SN75126N 


MC3481/5P 

SN52702J 

MC1712L 


SN72558P 

MC1458P1 


SN75127J 

MC75127L 


SN52702L 

MC1712G 


SN72702J 

MC1712CL 


SN75127N 

MC75127P 



1-20 





LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 


SN75128J —TL494CN 



MOTOROLA 

MOTOROLA 


MOTOROLA 

MOTOROLA 


MOTOROLA 

MOTOROLA 


DIRECT 

SIMILAR 


DIRECT 

SIMILAR 


DIRECT 

SIMILAR 

PART NO. 

REPLACEMENT 

REPLACEMENT 

PART NO. REPLACEMENT 

REPLACEMENT 

PART NO. 

REPLACEMENT 

REPLACEMENT 

SN75128J 

MC75128L 


SN76130N 


MC1303P 

TBA520 


MC1327P 

SN75128N 

MC75128P 


SN76131N 


MC1303P 

TBA920 


MC1391P 

SN75129J 

MC75129L 


SN76149N 


MC1303P 

TBA920S 


MC1391P 

SN75129N 

MC75129P 


SN76242N 


MC1399P 

TBA940 


MC1344P 

SN75138N 


MC3443P 

SN76243N 


MC1399P 

TBA950 


MC1344P 

SN75138J 


MC3443P 

SN76246N 


MC1323P 

TBA990 


MC1327P 

SN75140P 

MC75140P1 


SN76298N 

MC1398P 


TBA1190Z 

TBA1190Z 


SN75150J 


MC1488L 

SN76514L 


MC1496G 

TDA1190Z 

TDA1190Z 


SN75150N 


MC1488P 

SN76514N 

MC1496P 


TDA2002 

TDA2002 


SN75154J 


MC1489L 

SN76564N 

MC1364P 


TL022CJG 


LM358J 

SN75154N 


MC1489P 

SN76565N 

MC1364P 


TL022CL 


LM358H 

SN75188J 

MC1488L 


SN76591P 

MC1391P 


TL022CP 


LM358N 

SN75188N 

MC1488P 


SN76594P 

MC1394P 


TL022MJG 


LM158J 

SN75189AJ 

MC1489AL 


SN76600P 

MC1350P 


TL022ML 


LM158H 

SN75189J 

MC1489L 


SN76642N 

MC1357P 


TL044CJ 


LM324J 

SN75189AN 

MC1489AP 


SN76644N 


MCI 352 P 

TL044CN 


LM324N 

SN75189N 

MC1489P 


SN76650N 

MC1352P 


TL044MJ 


LM124J 

SN75207J 


MC75107L 

SN76651N 

MC1351P 


TL071ACJG 


MC34001BU 

SN75207N 


MC75107P 

SN76653N 


MC1352P 

TL071ACL 


MC34001BG 

SN75208J 


MC75108L 

SN76660N 


MC 357P 

TL071ACP 


MC34001BP 

SN75208N 


MC75108P 

SN76665N 

MC1364P 


TL071BCJG 


MC34001AU 

SN75261N 


MC3245L 

SN76666N 

MC1358P 


TL071BCL 


MC34001AG 

SN75322N 


MC3245P 

SN76669N 

MC1356P 


TL071BCP 


MC34001AP 

SN75362P 


MMH0026CP 

SN76675N 

MC1375P 


TL071CJG 


MC34001U 

SN75365J 

MC75365L 


SN76678P 


MC1355P 

TL071CL 


MC34001G 

SN75365N 

MC75365P 


SSS101AL 


LM101AH 

TL071CP 


MC34001P 

SN75368J 

MC75368L 


SSS101AJ 

LM101AH 


TL072ACJG 


MC34002BU 

SN75368N 

MC75368P 


SSS107J 

LM107H 


TL072ACL 


MC34002BG 

SN75369P 

WMH0026CP1 


SSS107P 


LM107H 

TL072ACP 


MC34002BP 

SN75450AJ 

MC75450L 


SSS201AJ 

LM201AH 


TL072BCJG 


MC34002AU 

SN75450AN 

MC75450P 


SSS201AL 


LM201AH 

TL072BCL 


MC34002AG 

SN75450BN 


MC75450P 

SSS201AP 


LM201AN 

TL072BCP 


MC34002AP 

SN75450N 

MC75450P 


SSS207J 

LM207H 


TL072CJG 


MC34002U 

SN75451AP 

MC75451P 


SSS207P 


LM207H 

TL072CL 


MC34002G 

SN75451P 

MC75451P 


SSS301AJ 

LM301AH 


TL072CP 


MC34002P 

SN75452P 

MC75452P 


SSS301AL 


LM301AH 

TL074ACJ 


MC34004BL 

SN75453P 

MC75453P 


SSS301AP 

LM301AN 


TL074ACN 


MC34004BP 

SN75454P 

MC75454P 


SSS741BJ 


MC1741G 

TL074BCJ 


MC34004A 

SN75460AJ 

MC75460L 


SSS741BL 


MC1741F 

TL074BCN 


MC34004AP 

SN75460AN 

MC75460P 


SSS741BP 

MC1741P2 


TL074CJ 


MC34004L 

SN75461 

MC75461 


SSS741CJ 


MC1741CG 

TL074CN 


MC34004P 

SN75461AP 

MC75461P 


SSS741CL 


MC1741CF 

TL081ACJG 


MC34001BU 

SN75462 

MC75462 


SSS741CP 

MC1741CP2 


TL081ACL 


MC34001BG 

SN75462AP 

MC75462P 


SSS741GJ 

MC1741SG 


TL081ACP 


MC34001BP 

SN75463 

MC75463 


SSS741GP 


MC1741SG 

TL081BCJG 


MC34001AU 

SN75463AP 

MC75463P 


SSS741J 


MC1741G 

TL081BCL 


MC34001AG 

SN75464 

MC75464 


SSS741L 


MC1741F 

TL081BCP 


MC34001AP 

SN75464AP 

MC75464P 


SSS741P 


MC1741P2 

TL081CJG 


MC340O1U 

SN75461N 

MC75491P 


SSS74782 

MC1747F 


TL081CL 


MC34001G 

SN75466J 

MC1411L 


SSS747BP 


MC1747L 

TL081CP 


MC340O1P 

SN75466N 

MC1411P 


SSS747CK 


MC1747CG 

TL082ACJG 


MC34002BU 

SN75467J 

MC1412L 


SSS747CM 


MC1747CF 

TL082ACL 


MC34002BG 

SN75467N 

MC1412P 


SSS747CP 


MC1747CL 

TL082ACP 


MC34002BP 

SN75468J 

MC1413L 


SSS747GK 


MC1747G 

TL082BCJG 


MC34002AU 

SN75468N 

MC1413P 


SSS747GM 

MC1747F 


TL082BCL 


MC34002AG 

SN75475P 

MC1472P1 


SSS747GP 


MC1747L 

TL082BCP 


MC34002AP 

SN75475JG 

MC1472U 


SSS747L 


MC1747F 

TL082CJG 


MC34002U 

SN75491N 

MC75491P 


SSS747P 


MC1747L 

TL082CL 


MC34002G 

SN75492N 

MC75492P 


SSS1408A-6Z 

MC1408L6 


TL082CP 


MC34002P 

SN76000P 


MC1306P 

SSS1408A-7Z 

MC1408L7 


TL084ACJ 


MC34004BL 

SN76104N 


MC1310P 

SSS1408A-8Z 

MC1408L8 


TL084ACN 


MC34004BP 

SN76105N 


MC1310P 

SSS1458J 

MC1458G 


TL084BCJ 


MC34004AL 

SN76111N 


MC1310P 

SSS1508A-8Z 

MC1508L8 


TL084BCN 


MC34004AP 

SN76113N 


MC1310P 

SSS1558J 

MC1558G 


TL084CJ 


MC34004L 

SN76115N 

MC1310P 


TAA630 


MC1327P 

TL084CN 


MC34004P 

SN76116N 


MC1310P 

TBA120S 


MC1358P 

TL494CJ 

TL494CJ 


SN76117N 


MC1310P 

TBA440 


MC1352P 

TL494CN 

TL494CN 






LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 

TL495CJ —pA732DC 




MOTOROLA 

MOTOROLA 


MOTOROLA 

MOTOROLA 


MOTOROLA 

MOTOROLA 


DIRECT 

SIMILAR 


DIRECT 

SIMILAR 


DIRECT 

SIMILAR 

PART NO. 

REPLACEMENT 

REPLACEMENT 

PART NO. 

REPLACEMENT 

REPLACEMENT 

PART NO 

REPLACEMENT 

REPLACEMENT 

TL495CJ 

TL495CJ 


ULS2139D 


MC1539G 

,/A555HC 

MC1455G 


TL495CN 

TL495CN 


ULS2139G 


MC1539G 

;iA555HM 

MC1555G 


TL497CJ 


MC3420L 

ULS2139H 


MC1539L 

;/A555TC 

MC1455P1 


TL497CN 


MC3420P 

ULS2139M 


MC1439P1 

^A556DC 

MC3456L 


TL497MJ 


MC3520L 

ULS2151D 


MC1741G 

//A556DM 

MC3556L 


UDN5711M 

MC1471P1 


ULS2151G 


MC1741F 

M556PC 

MC3456P 


UDN5712M 

MC1472P1 


ULS2151H 


MC1741L 

fiA702DC 

MC1712CL 


UDN5713M 

MC1473P1 


ULS2151M 


MC1741CP1 

^A702DM 

MC1712L 


UDN5714M 

MC1474P1 


ULS2156D 


MC1556G 

JIA702FM 

MC1712F 


UDN-6144A 


MC3490P 

ULS2156G 


MC1556G 

;jA702HC 

MC1712CG 


UDN-6164A 


MC3490P 

ULS2156H 


MC1556G 

JIA702HM 

MC1712G 


UDN-6184A 


MC3490P 

ULS2156M 


MC1556G 

tiA702MJ 

MC1712L 


UDN-7183A 


MC3491P 

ULS2157A 


MC1558L 

,;A702ML 

MC1712G 


UDN-7184A 


MC3491P 

ULS2157H 


MC1558L 

,;A709ADM 

MC1709AL 


UON-7186A 


MC3491P 

ULS2157K 


MC1558G 

fiA709AFM 

MC1709AF 


UHD-490 


MC3494P 

f<A0802DC-1 

MC1408L8 


/aA709AHM 

MC1709AG 


UHD-491 


MC3494P 

fiA0802DC-2 

MC1408L7 


,/A709AMJ 

MC1709AL 


UHP-490 


MC3494P 

,/A0802DC-3 

MC1408L6 


mA709AMJG 

MC1709AU 


UHP-491 


MC3494P 

fiA0802DM-1 

MC1508L8 


fiA709AML 

MC1709AG 


UH P-495 


MC3490P 

^A0802PC-1 

MC1408P8 


mA709CJ 

MC1709CL 


ULN2001A 

ULN2001A 


>/A0802PC-2 

MC1408P7 


^A709CJG 

MC1709CU 


ULN2002A 

ULN2002A 


f/A0802PC-3 

MC1408P6 


mA709CL 

MC1709CG 


ULN2003A 

ULN2003A 


^A101AD 


LW101AJ 

tiA709CN 

MC1709CP2 


ULN2004A 

ULN2004A 


>/A101AF 


LM101AJ 

J.A709CP 

MC1709CP1 


ULN2111A 

MC1357P 


J/A101AH 

LM101AH 


mA709DC 

MC1709CL 


ULN2111N 

MC1357PQ 


M 101 D 


LM101AJ 

fiA709DM 

MC1709L 


ULN2113A 


MC1357P 

mAIOIF 


LM101AJ 

M709FM 

MC1709F 


ULN2113N 


MC1357P 

jiAIOIH 

LM101AH 


f/A709HC 

MC1709CG 


ULN2114A 


MC1323P 

j<A104HM 

LM104H 


,jA709HM 

MC1709G 


ULN2114K 


MC1323P 

jiAIOSHM 

LM105H 


mA709MJ 

MC1709L 


ULN2114N 


MC1323P 

>,A107H 

LM107H 


,iA709MJG 

MC1709U 


ULN2120A 


MC1310P 

JIA108AD 

LM108AJ 


fiA709ML 

MC1709G 


ULN2121A 


MC1310P 

iiA108AF 

LM108AF 


>jA709TC 

MC1709CP1 


ULN2122A 


MC1310P 

fiAIOSAH 

LM108AH 


mA709PC 

MC1709CP2 


ULN2124A 


MC1399P 

11 AIO 8 D 

LM108J 


mA710DC 

MC1710CL 


ULN2125A 


MC1344P 

fiAIOSF 

LM108F 


>jA710DM 

MC1710L 


ULN2127A 


MC1399P 

(jA108H 

LM108H 


jiA710HC 

MC1710CG 


ULN2128A 


MC1310P 

>iA109KM 

LM109K 


mA710HM 

MC1710G 


ULN2136A 

MC1356P 


fiA201AD 


LM201AJ 

^A710PC 

MC1710CP 


ULN2139D 


MC1439G 

tiA201AF 


LM201AJ 

/iA711DC 

MC1711CL 


ULN2139G 


MC1439G 

>iA201AH 

LM201AH 


mA711DM 

MC1711L 


ULN2139H 


MC1439P2 

fiA201D 


LM201AJ 

,jA711HC 

MC1711CG 


ULN2139M 


MC1439P1 

^A201F 


LM201AJ 

>/A711HM 

MC1711G 


ULN2151D 


MC1741CG 

mA201H 

LM201AH 


,jA711PC 

MC1711CP 


ULN2151G 


MC1741CF 

JIA207H 

LM207H 


(/A715DC 


MC1741SCL 

ULN2151H 


MC1741CP2 

^lA208AD 

LM208AJ 


mA715DM 


MC1741SL 

ULN2151M 


MC1741CP1 

JIA208AF 

LM208AF 


/iA715HC 


MC1741SCG 

ULN2156D 


MC1456G 

HA208AH 

LM208AH 


/;A715HM 


MC1741SG 

ULN2156G 


MC1456G 

tiA208D 

LM208J 


»iA723CJ 

MC1723CL 


ULN2156H 


MC1456G 

*iA208F 

LM208F 


mA723CL 

MC1723CG 


ULN2156M 


MC1456G 

11 A 2 O 8 H 

LM208H 


UA723CN 

MC1723CP 


ULN2157A 


MC1458P2 

>iA209KM 

LM209K 


UA723DC 

mA723DC 


ULN2157H 


MC1458P2 

>iA301AD 


LM301AJ 

^A723DM 

MC1723L 


ULN2157K 


MC1458G 

>iA301AH 

LM301AH 


,jA723HC 

/;iA723HC 


ULN2165A 

MC1358P 


fiA301AT 

LM301AN 


/:A723HM 

MC1723G 


ULN2165N 

MC1358PQ 


^A304HC 

LM304H 


(iA723MJ 

MC1723L 


ULN2209A 


MC1356P 

aiA305HC 


LM305H 

,iA723ML 

MC1723G 


ULN2210A 

MC1310P 


|iA305HC 

LM305H 


JIA723PC 

M723PC 


ULN2224A 

MC1324P 


J1A307H 

LM307H 


;iA725AHM 


LM108AH 

ULN2228A 


MC1323P 

iiA307T 

LM307N 


^A725EHC 


LM308AH 

ULN2244A 


MC1310P 

^iA308AD 

LM308AJ 


J/A725HC 


LM308AH 

ULN2262A 


MC1399P 

fiA308AH 

LM308AH 


,iA725HM 


LM108AH 

ULN2264A 

MC1364P 


tiA308D 

LM308J 


^A727HC 


MC1420G 

ULN2267A 


MC1323P 

(JA308H 

LM308H 


(iA727HM 


MC1520G 

ULN2298A 

MC1398P 


fiA309KC 

LM309K 


>iA730HC 


MC1420G 

ULN2741D 


MC1741CG 

mA311T 

LM311N 


>iA730HM 


MC1520G 

ULN2747A 


MC1747CL 

;iA376TC 


LM305H 

*iA732DC 


MC1310P 
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LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 

a,A732PC —ajA78L05ACLP 



MOTOROLA 

MOTOROLA 


MOTOROLA 

MOTOROLA 


MOTOROLA 

MOTOROLA 


DIRECT 

SIMILAR 


DIRECT 

SIMILAR 


DIRECT 

SIMILAR 

PART NO. 

REPLACEMENT REPLACEMENT 

PART NO. 

REPLACEMENT 

REPLACEMENT 

PART NO REPLACEMENT 

REPLACEMENT 

f/A732PC 


MC1310P 

//A748HC 

MC1748CG 


/1A1458CTC 

MC1458CP1 


f.A733CJ 

MC1733CL 


M748HM 

MC1748G 


ukUS&E 

MC1458G 


mA733CL 

MC1733CG 


M748MJ 

MC1748L 


;jA1458HC 

MC1558G 


aiA733CN 

MC1733CP 


//A748MJG 

MC1748U 


fiA1458P 

MC1458P1 


tiA733DC 

MC1733CL 


HA748ML 

MC1748G 


fiA1458RC 

MC1458U 


kA733DM 

MC1733L 


M748TC 

MC1748CP1 


;iA1458TC 

MC1458P1 


nA733FM 

MC1733F 


^A749DC 


MC1435L 

mA1558E 

MC1558G 


/:iA733HC 

MC1733CG 


M749DHC 


MC1435G 

t;A1558HM 

MC1558G 


nA733HM 

MC1733G 


mA749DM 


MC1535L 

fiA2136PC 

MC1356P 


,.A733MJ 

MC1733L 


^A749HC 


MC1435G 

fiA2240DC 


MC1455U 

mA733ML 

MC1733G 


;iA753TC 


MC1356P 

HA2240DM 


MC1555G 

HA734DC 


LM311J 

M754HC 


MC1355P 

/iA2240PC 


MC1455P1 

M734DM 


LM311J 

pA754TC 


MC1355P 

fiA3026HM 


CA3054 

nA734HC 


LM311H 

M7570C 


MC1350P 

^lA3045 


MC3346P 

/..A734HM 


LM311H 

;jA757DM 


MC1350P 

mA3046DC 

MC3346P 


#<A740HC 


LF355H 

nMmc 


MC1310P 

mA3054DC 

CA3054P 


pA740HM 


LF155H 

,<A758PC 


MC1310P 

HA3064PC 

MC1364P 


fiA741ADM 


MC1741L 

f,A767DC 


MC1310P 

pA3065PC 

MC1358P 


mA741AFM 


MC1741F 

fjA767PC 


MC1310P 

pA3086DM 

MC3386P 


nA741AHM 


MC1741G 

nA772 


MC1741S 

>jA3301P 

MC3301P 


^,A741CJ 

MC1741CL 


*)A775DC 

LM339J 


>jA3302P 

MC3302P 


(iA741CJG 

MC1741CU 


J/A775DM 

LM339J 


fiA3303P 

MC3303P 


M741CL 

MC1741CG 


/JA775PC 

LM339N 


M3401P 

MC3401P 


nA741CN 

MC1741CP2 


mA776DC 


MC1776CG 

mA3403D 

MC3403L 


,iA741CP 

MC1741CP1 


j<A776DM 


MC1776G 

mA3403P 

MC3403P 


^(A741DC 

/jA741DC 


,(A776HC 

MC1776CG 


fiA4136DC 


MC4741CL 

f(A741DM 

MC1741L 


mA776HM 

MC1776G 


mA4136DM 


MC4741L 

^iA741EDC 


MC1741L 

mA776TC 

MC1776CP1 


iiA4136PC 


MC4741CP 

/;iA741EHC 


MCI741G 

HA777CJ 


LM308AJ-8 

#;A4558HC 

MC4558CG 


f.A741FC 

MC1741CF 


kA777CJG 


LM308AJ-8 

iiA4558HM 

MC4558G 


/;A741FM 

MC1741F 


kA777CL 


LM308AH 

nA4558TC 

MC4558CP1 


/;/A741HC 

HA741HC 


pA777CN 


LM308AN 

nA7805CKC 

MC7805CT 


HA741HM 

MC1741G 


j,A777CP 


LM308AN 

mA7805KC 

MC7805CK 


fiA741MJ 

MC1741L 


HA777DC 


LM308AJ-8 

;/A7805KM 

MC7805K 


nA741MJG 

MC1741U 


mA777HC 


LM308AH 

M7805UC 

MC7805CT 


^A741ML 

MC1741G 


kA777MJ 


LM108AJ-8 

mA7806CKC 

MC7806CT 


fiA741RC 

MC1741CU 


mA777MJG 


LM108AJ-8 

mA7806KC 

MC7806CK 


nA741RM 

MC1741U 


pA777ML 


LM108AH 

«A7806KM 

MC7806K 


nA741PC 

MC1741CP2 


f(A777TC 


LM308AN 

,;A7806UC 

MC7806CT 


kA741TC 

jiA741TC 


pA780DC 


MC1399P 

mA7808CKC 

MC7808CT 


#jA742DC 


CA3059 

^A780PC 


MC1399P 

M7808KC 

MC7808CK 


nA746DC 


MC1323P 

nA781DC 


MC1399P 

^A7808KM 

MC7808K 


t/A746HC 


MC1323P 

fiA781PC 


MC1399P 

fiA7608UC 

MC7808CT 


M747ADM 


MC1747L 

mA786DC 


MC1327P 

#;A7812CKC 

MC7812CT 


HA747AHM 


MC1747G 

^A787PC 


MC1399P 

HA7812KC 

MC7812CK 


^A747CJ 

MC1741CL 


*jA791KC 


MC1438R 

;iA7812KM 

MC7812K 


mA747CL 

MC1747CG 


mA791KM 


MC1538R 

;jA7812UC 

MC7812CT 


nA747CN 

MC1747CP2 


>iA791P5 


MC1438R 

mA7815CKC 

MC7815CT 


/JA747DC 

MC1747CL 


^A796HC 

MC1496G 


>.A7815KC 

MC7815CK 


>,A747DM 

MC1747L 


mA796HM 

MC1596G 


,jA7815KM 

MC7815K 


*;A747EDC 

MC1747CCBM 


mA796DC 

MC1496L 


(iA7815UC 

MC7815CT 


^,A747EHC 

MC1747CICM 


nA796DM 

MC1596L 


mA7818CKC 

MC78I8CT 


kA747HC 

MC1747CG 


*,A798HC 

MC3458G 


mA7818KC 

MC7818CK 


fiA747HM 

MC1747G 


,/A798HM 

MC3558G 


i,A7818KM 

MC7818K 


kA747MJ 

MC1747L 


pA798RC 

MC3458U 


PA7818UC 

MC7815CT 


mA747ML 

MC1747G 


iiA798RM 

MC3558U 


mA7824CKC 

MC7824CT 


f,A747PC 

MC1747CP2 


nA798TC 

MC3458P1 


/iA7824KC 

MC7824CK 


mA748AFM 


MC1748F 

aiA799HC 


MC1741G 

M7824KM 

MC7824K 


mA748AHM 


MC1748G 

//A799HM 


MC1741G 

mA7824UC 

MC7824CT 


kA748CJ 

MC1748CL 


mA1312PC 

MC1312P 


»iA78GHM 


LM117K 

pA748CJG 

MC1748CU 


^,A1314PC 

MC1314P 


M78GKC 


LM117K 

mA748CL 

MC1748CG 


mA1315PC 

MC1315P 


mA7SGKM 


LM117K 

HA748CN 

MC1748CP2 


tiA1391PC 

MC1391P 


^A78GU1C 


LM317T 

kA748CP 

MC1748CP1 


^A1394PC 

MC1394P 


;iA78H05KC 


MC7805CK 

kA748DC 

MC1748CL 


mA1458CHC 

MC1458CG 


»iA78L02ACJG 


MC78L02ACG 

>iA748DM 

MC1748L 


^A1458CP 

MC1458CP1 


mA78L05ACJG 


MC78L05ACG 

mA748FM 

MC1748F 


mA1458CRC 

MC1458CU 


fiA78L05ACLP 

MC78L05ACP 






LINEAR INTEGRATED CIRCUITS CROSS REFERENCE 


iiA78L05AHC —mA8T13PC 


MOTOROLA 

DIRECT 

PART NO REPLACEMENT I 

pA78L05AHC MC78L05ACG 
HA78L05AWC MC78L05ACP 
HA78L05CJG 

fiA78L05CLP MC78L05CP 
^A78L05HC MC78L05CG 
pA78L05WC MC78L05CP 
»iA78L06ACJG 

fiA78L06ACLP MC78L06ACP 
(jA78LQ6CJG 

^.A78L06CLP MC78L06CP 
nA78L08ACJG 

iiA78L08ACLP MC78L08ACP 
jiA78L08CJG 

HA78L08CLP MC78L08CP 
>(A78L12ACJG 

(.A78L12ACLP MC78L12ACP 
M78L12AHC MC78L12ACG 
M78L12AWC MC78L12ACP 
M78L12CJG 

nA78L12CLP MC78L12CP 
nA78L12HC MC78L12CG 
nA78L12WC MC78L12CP 
nA78L15ACJG 

>iA78L15ACLP MC78L15ACP 


MOTOROLA 

SIMILAR 

REPLACEMENT 


MOTOROLA 

DIRECT 

PART NO REPLACEMENT 

kA7902UC MC7902CT 

pA7905KC MC7905CK 

(JA7905KM 

M7905UC MC7905CT 

/JA7906KC MC7906CK 

fiA7906KM 

nA7906UC MC7906CT 

;,A7908KC MC7908CK 

mA7908KM 

/aA7908UC MC7908CT 

^A7912KC MC7912CK 

mA7912KM 

f,A7912UC MC7912CT 

;iA7915KC MC7915CK 

,/A7915KM 

(,A7915UC MC7915CT 

nA79ieCKC MC7918CT 

nA7918KC MC7918CK 

uA7918KM 

i,A7918UC MC7918CT 

<.A7924CKC MC7924CT 

M7924KC MC7924CK 

tfA7924KM 

^A7924UC MC7924CT 


MOTOROLA 

SIMILAR 

REPLACEMENT 


M78L15AHC 

MC78L15ACG 


1.A79L05AHC 

MC79L05ACG 


J.A78L15AWC 

IVIC78L15ACP 


«A79L05AWC 

MC79L05ACP 


nA78L15CJG 


MC78L15CG 

i,A79L05HC 

MC79L05CG 


/.A78L15CLP 

MC78L15CP 


(.A79L05WC 

MC79L05CP 


^A78L15HC 

MC78L15CG 


mA79L12AHC 

MC79L12ACG 


jiA78L15WC 

MC73L15CP 


j,A79L12AWC 

MC79L12ACP 


kA78L26AWC 

MC7802ACP 


11A79L12HC 

MC79L12CG 


mA78MGHC 


LM317H 

i,A79L12WC 

MC79L12CP 


jiA78MGT2C 


LM317T 

«A79L15AHC 

MC79L15ACG 


mA78MGU1C 


LM317T 

„A79L15AWC 

MC79L15ACP 


«A78M05CKC 

MC78M05CT 


i,A79L15HC 

MC79L15CG 


M78M05HC 

MC78M05CG 


„A79L15WC 

MC79L15CP 


uA78M05HM 


MC78M05CG 

(.A79M05AHM 


MC7905CK 

»)A78M05UC 

MC78M05CT 


(.■A79M05AUC 


MC7905CT 

mA78IW06CKC 

MC78M06CT 


i(A79IVI05CKC 

MC7905CT 


»,A78M06HC 

MC78M06CG 


I.A79M05HIVI 


MC7905CK 

nA78M06HM 


MC78M06CG 

„A79M05UC 


MC7905CT 

HA78M06UC 

MC78M06CT 


(.A79M06AHM 


MC7906CK 

fiA78M08CKC 

MC78M08CT 


;,A79M06AUC 


MC7906CT 

mA78M08HC 

MC78M08CG 


j>A79M06CKC 

MC7906CT 


).iA78M08HM 


MC78M08CG 

„A79M06HM 


MC7906CK 

«A78M08UC 

MC78M08CT 


mA79M06UC 


MC7906CT 

mA78M12CKC 

MC78M12CT 


uA79M08AHM 


MC7908CK 

mA78M12HC 

MC78M12CG 


„A79M08AUC 


MC7908CT 

nA78M12HM 


MC78M12CG 

uA79M08CKC 

MC7908CT 


mA78M12UC 

MC78M12CT 


i,A79M08HM 


MC7908CK 

>iA78M15CKC 

MC78M15CT 


«A79M08UC 


MC7908CT 

>;A78M15HC 

MC78M15CG 


nA79M12AHM 


MC7912CK 

^/A78M15HM 


MC78M15CG 

mA79M12AUC 


MC7912CT 

mA78M15UG 

MC78M15CT 


j,A79M12CKC 

MC7912CT 


HA78M18HC 

MC78M18CG 


nA79M12HM 


MC7912CK 

mA78M18HM 


MC78M18CG 

uA79M12UC 


MC7912CT 

;iA78M13UG 

MC78M18CT 


^A79M15AHM 


MC7915CK 

»jA78M20CKC 

MC78M20CT 


(jA79M15AUC 


MC7915CT 

t/A78W20HC 

MC78M20CG 


^A79M15CKC 

MC7915CT 


mA78M20HM 


MC78M20CG 

^A79M15HM 


MC7915CK 

kA78M20UG 

MC78M20CT 


(,A79M15UC 


MC7915CT 

mA78M24CKG 

MC78M24CT 


>iA79M18AHM 


MC7918CK 

mA78M24HC 

MC78M24CG 


f,A79M18AUC 


MC7918CT 

mA78M24HM 


MC78M24CG 

mA79M18HM 


MC7918CK 

mA78M24UC 

MC78M24CT 


^A79M18UC 


MC7918CT 

mA7902KC 

MC7902K 


(/A79M24AHM 


MC7924CK 

mA7902KM 


MC7902K 

mA79M24AUC 


MC7924CT 


MOTOROLA MOTOROLA 

DIRECT SIMILAR 

PART NO. REPLACEMENT REPLACEMENT 

mA79M24HM MC7924CK 

(JA79M24UC MC7924CT 

mA8T13DC MC8T13L 
mA8T13PC 
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The ''Better" 
Program 


Motorola’s reliability and 
quality-enhancement program 
was developed to provide 
improved levels of quality 
and reliability for standard 
commercial products. 


THE “BETTER” program is offered on CMOS. Linear, TTL, TTL/LS, DTL, HTL, 
and NMOS in dual-in-line ceramic and plastic packages. 


Motorola standard commercial integrated circuits are 
manufactured under stringent in-process controls and 
quality inspections combined with the industry's finest 
outgoing quality inspections. The “BETTER” program 
offers three levels of extra processing, each tailored to 
meet different user needs at nominal costs. 

The program is designed to; 

• Eliminate incoming electrical inspection 

• Eliminate need for independent test labs 
and associated extra time and costs 

• Reduce field failures 

• Reduce service calls 

• Reduce equipment downtime 

• Reduce board and system rework 

• Reduce infant mortality 

• Save time and money 

• Increase end-customer satisfaction 


BETTER PROCESSING - 
STANDARD PRODUCT PLUS: 


100% SCREEN 

LEVEL 

“S” 

LEVEL 

II 

“D” 

LEVEL 

III 

“DS” 

TEMP CYCLE, 10 CYCLES 
-25“C to +150°C 

X 


X 

BURN-IN - MIL-STD-883 


X 

X 

POST BURN-IN ELECTRICAL 


X 

X 

lOO-’C FUNCTIONAL 

X 


X 

DC PARAMETRIC AT 25°C* 

X 

X 

X 

TIGHTENED QA SAMPLE 

X 

X 

X 


•NMOS Poes Functional and dc 100% at 100*C 


“BETTER” AQL GUARANTEES 


TEST 

CONDITION 


AQL 

1 

LEVEL 1 

LEVEL II 


HIGH TEMPERATURE FUNCTIONAL 

Ta = 100°c 

0 15 


0.15 

DC PARAMETRIC 

Ta = 25° C 

0.28 

0.28 

0.28 

DC PARAMETRIC 

Ta MIN, TA MAX 

0.40 

0.40 

0.40 

DC PARAMETRIC (LINEAR AND NMOS) 

Ta min. ta max 

0 65 

0 65 

0.65 

AC PARAMETRIC 

Ta - 25°C 

0.65 

0.65 

0.65 

DYNAMIC TEST (LINEAR AND NMOS) 

Ta = 25°C 

0 65 

0 65 

0.65 

EXTERNAL VISUAL AND MECHANICAL 

MAJOR 

0.11 

Oil 

0.11 

MINOR 

2 50 

2 50 

2 50 

HERMETICITY 

GROSS 

0 40 

0 40 

0 40 

(NOT APPLICABLE TO PLASTIC PACKAGES) 

FINE 

1.00 

1.00 

1 00 


HOW TO ORDER 


MC14001B 

CP 

S 

1 

“T 

T 

Part 

Standard 

BETTER 

Identification 

Package 

PROCESSING 


Suffix 

LEVEL 1 = SUFFIX S 


LEVEL II = SUFFIX D 
LEVEL III = SUFFIX DS 


PART MARKING 

The Standard Motorola part number with the corre¬ 
sponding “BETTER” suffix can be ordered from your 
local authorized Motorola distributor or Motorola sales 
offices. “BETTER” pricing will be quoted as an adder to 
standard commercial product price. 
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The Motorola 
standard high rel 
P rograms 


Motorola, a pioneer in the manufacture of h/gh-reZ/ab/V/fy integrated cir¬ 
cuits*, now offers you a two-way program for Hi Rel products 

1. A growing line of JAN-QUALIFIED integrated circuits. 

2. An extensive program to supply JEDEC PROCESSED devices that 
approaches the Qualified Reliability goals without the delay and high cost 
of the actual qualification program. 

Motorola stocks many circuits which meet JAN-QUALIFIED specifica¬ 
tions, and is actively pursuing an expansion of this qualification listing 
with product in all 1C categories — encompassing Bipolar Digital, Linear 
and MOS technologies. 

Motorola JEDEC PROCESSED products complement JAN-QUALI¬ 
FIED products by making available hi-rel versions of nearly all Motorola 
full-temperature range circuits, while adding the advantage of hi-rel 
standardization. 

The Motorola JEDEC Program 
offers you these benefits: 

1. standardization of environmental and electrical test procedures. 

2. Less specification writing required. 

3 Less time required in negotiating specifications. 

4. Fast delivery. 

5. Lower costs. 


'Motorola, in early 1971, was the first company to be qualified as a MIL-M-38510 approved facility by the De¬ 
fense Electronics Supply Center of DOD 
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MIL-M-38510 JAN-Qualifled Product 


Screening Levels Available: 
Class B & Class C 


How to order 
MIL-M-38510 
JAN-Qualified Product 


J 

I 

M38510 

I 

/XXX 

I 

XX 

I 

Y 

I 

Y 

I 

Y 

I 

1 

INDICATES A 

I 

MILITARY 

I 

DETAIL 

I 

DEVICE TYPE 

I 

CLASS B, OR C 

I 

CASE 

I 

LEAD 

QUALIFIED 

DESIGNATOR 

SPECIFICATION 

WITHIN DETAIL 

(SEE DEVICE 

OUTLINE 

FINISH 

DEVICE 


NUMBER 

SPECIFICATION 

CLASS TABLE) 

(SEE CASE 

(SEE LEA 


OUTLINE TABLE) FINISH TABLE) 


Case Outline Table 

Source: MIL-M-38510D Amendment 1 

Letter 

Appendix C 
Designation 

Description 

A 

F-1 

14-lead FP (1/4" x 1/4”) 

B 

F-3 

14-lead FP (3/16” x 1/4”) 

C 

D-1 

14-lead DIP (1/4” x 3/4”) 

D 

F-2 

14-lead FP (1/4” x 3/8”) 

E 

D-2 

16-lead DIP (1/4” x 7/8”) 

F 

F-5 

16-lead FP (1/4” X 3/8”) 

G 

A-1 

8-lead can 

H 

F-4 

10-lead FP (1/4” x 1/4”) 

1 

A-2 

10-lead can 

J 

D-3 

24-lead DIP (1/4” x 1-1/4”) 

K 

F-6 

24-lead FP (3/8” x 5/8”) 

L 

NONE 

NONE 

M 

A-3 

12-lead can 

N 

NONE 

NONE 

P 

D-4 

8-lead DIP (1/4” x 3/8”) 

Q 

D-5 

40-lead DIP (9/16” x 2-1/16”) 

R 

D-8 

20-lead DIP (1/4” x 1-1/16”) 

S 

NONE 

NONE 

T 

NONE 

NONE 

U 

NONE 

NONE 

■■ 

D-6 

18-lead DIP (.300” x 1”) 

mM 

D-7 

22-lead DIP (.400” x 1.1”) 

X 

Reserved for use with “special” non-standard case 

Y 

outlines which are specified in the individual 

Z 

detail specifications. 


Features: 

1. Manufactured in a government- 
approved facility. 

2. G.S.I. (Government Source 
Inspection) 

Example of MIL-M-38510 JAN- 
Qualified markings 

ORDER: JM38510/00104BCB 
MARKING: JM38510/00104BCB 


Lead Finish Table _ 

A—Type A or B Per MIL-M-38510 

with hot solder dip _ 

B—Type A or B Per MIL-M-38510 

with acid tin plate _ 

C—Type A or B Per MIL-M-38510 

with gold plate _ 

X—Any of the above, for 
ordering purposes only. 
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JEDEC Processed Product 



Screening Levels Available: 
Class B & Class C 


How to order 
JEDEC 

Processed Product 


XXXX/ Y 

1 I 

MOTOROLA CLASS B, OR C 
DEVICE TYPE (SEE DEVICE 
(WITHOUT CLASS TABLE) 
LETTER 
PREFIX) 


Y Y JC 

1 I I 

CASE OUTLINE LEAD FINISH JEDEC DESIGNATOR 
(SEE CASE (SEE LEAD PER JEDEC 

OUTLINE TABLE) FINISH TABLE) PUBLICATION NO 101 


Case Outline Table 

Source; MIL-M-38510D Amen(dment I 

Letter 

Appendix C 
Designation 

Description 

A 

F-1 

14-lead FP (1/4” x 1/4") 

B 

F-3 

14-lead FP (3/16" x 1/4”) 

C 

D-1 

14-lead DIP (1/4” x 3/4") 

D 

F-2 

14-lead FP (1/4” x 3/8") 

E 

D-2 

16-lead DIP (1/4” x 7/8") 

F 

F-5 

16-lead FP (1/4” x 3/8”) 

G 

A-1 

8-lead can 

H 

F-4 

10-lead FP (1/4” x 1/4”) 

1 

A-2 

10-lead can 

J 

D-3 

24-lead DIP (1/4” x 1-1/4”) 

K 

F-6 

24-lead FP (3/8" x 5/8”) 

L 

NONE 

NONE 

M 

A-3 

12-lead can 

N 

NONE 

NONE 

P 

D-4 

8-lead DIP (1/4” x 3/8”) 

Q 

D-5 

40-lead DIP (9/16" x 2-1/16”) 

R 

D-8 

20-lead DIP (1/4” x 1-1/16”) 

S 

NONE 

NONE 

T 

NONE 

NONE 

U 

NONE 

NONE 


D-6 

18-lead DIP (.300” x 1”) 


D-7 

22-lead DIP (.400" x 1.1") 

X 

Dual-in-line packages not listed above 

Y 

Flat packages not listed above 

Z 

All other configurations not listed above. 


Features: 

1. Lower cost than JAN-Qualified. 

2. Devices manufactured using 
design and processing guidelines 
contained in MIL-M-38510 and 
MIL-STD-883 

3. Product supplied with Motorola 
standard data sheet electricals 

Example of JEDEC 
Processed Markings 
DEVICE; 5400/BCBJC 
ORDER: 5400/BCBJC 
MARKING: 5400/BCBJC 


Lead Finish Table _ 

A—Type A or B Per MIL-M-38510 

with hot solder dip _ 

B—Type A or B Per MIL-M-38510 

with acid tin plate _ 

C—Type A or B Per MIL-M-38510 

with gold plate _ 

X—Any of the above, for 
ordering purposes only. 
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Screening Procedures 



For MIL-M-38510 Jan-Qualified and JEDEC Processed Product 
(To MIL-STD-883 Requirements) 


In recognition of the fact that the level of 
screening has a direct impact on the cost 
of the product, as well as its quality and 
reliability, two standard levels of screening are 
provided to coincide with two device classes, 
or levels of quality assurance. 

Flexibility is provided in the choice of test 
conditions and stress levels to provide 
screens tailored to a particular product or 


application. Selection of a level better than 
that required for the specific product and 
application will result in unnecessary 
expense. A level less than that required may 
result in a risk that reliability requirements 
will not be met. For general hi-rel applications, 
the Class B screening levels should 
be considered. 


Device Class Table I 

SCREEN 

CLASS B 

METHOD RQMT 

CLASS C 

METHOD ROMT 

Internal Visual (Precap) 

2010 Condition 
Band 38510 

100% 

2010 Condition 

B and 38510 

100% 

Stabilization Bake 

1008,24 hrs test 
Condition C 
or Equivalent 

100% 

1008, 24 hrs test 
Condition C 
or Equivalent 

100% 

Temperature Cycling 

1010 Condition C 

100% 

1010 Condition C 

100% 

Constant Acceleration 

2001 Condition E 

Yi plane 

100% 

2001 Condition E 

Yi plane 

100% 

Seal (a) Fine 
(b) Gross 

1014 

100% 

1014 

100% 

Interim Electrical 

Parameters 

Per applicable 
device 1 

specification 




Burn-In Test 

1015 

160hrs@125°C 
or Equivalent 

100% 



Interim Electrical 

Parameters 

Per applicable 
device 1 

specification 

100% 



Final Electrical Tests 

(a) Static tests 

(1) 25°C (subgroup 1, 
table 1.5005) 

(2) Max. & min. rated 
operating temp, 
(subgroups 2 & 3, 
table 1,5005) 

(b) Dynamic tests &/or 
switching tests @ 25°C 
(subgroup 4 and 9, 
table 1,5005) 

(c) Functional test @ 25°C 
Subgroup?, table 1 

5005) 

Per applicable 
device 2 

specification 

100% 

100% 

100% 

100% 

Per applicable 
device 2 

specification 

100% 

Sample 

at 

Group A 

Sample 

at 

Group A 

100% 

Qualification or Quality 
Conformance Inspection 

5005 

Class B 3 

Sample 

per 

38510 

5005 

Class C 3 

Sample 

per 

38510 

External Visual 

2009 

100% 

2009 

100% 


1 When specified in the applicable device specification 100% of the devices shall be tested 

2 MIL-M-38510 OUALIFIED product is tested per applicable 38510 detail specification. JEDEC PROCESSED 
product IS tested per the Motorola standard data sheet electrical specification 

3 For JEDEC PROCESSED product, Groups A and B per 5005 and JEDEC Publication No 101. 

Groups C and D are available upon request 









































































































































































































































































































OPERATIONAL AMPLIFIERS 



Temperature Range 

0to70°C -55to125°C Other Page 

LF355, A, B LF155, A LF255 Monolithic JFET Operational Amplifier . 3-7 

LF356, A, B LF156, A LF256 Monolithic JFET Operational Amplifier . 3-7 

LF357, A, B LF157, A LF257 Monolithic JFET Operational Amplifier . 3-7 

LM301A LM101A LM201A General-Purpose Operational Amplifier . 3-19 

LM307 LM107 LM207 General-Purpose Operational Amplifier . 3-23 

LM308, A LM108, A LM208, A Precision Operational Amplifier . 3-27 

LM324 LM124 LM224 Quad Operational Amplifier . 3-32 

LM358 LM158 LM258 Dual Operational Amplifier. 3-38 

— — LM2902 Quad Operational Amplifier . 3-32 

— — LM2904 Dual Operational Amplifier. 3-38 

MCI 420 MCI 520 — Differential Output Operational Amplifier. 3-44 

MCI430 MCI 530 — General-Purpose Operational Amplifier . 3-48 

MC1431 MC1531 — Darlington-Input Operational Amplifier. 3-48 

MC1433 MCI 533 — General-Purpose Operational Amplifier . 3-52 

MCI 435 MCI 535 — Dual Operational Amplifier. 3-57 

MC1436, C MC1536 — High-Voltage Operational Amplifier. 3-62 

MC1437 MC1537 — Dual MC1709 Operational Amplifier . 3-66 

MC1439 MCI 539 — High-Slew-Rate Operational Amplifier . 3-70 

MCI456, C MCI 556 — High-Performance Operational Amplifier . 3-78 

MC1458, C MC1558 — Dual MCI 741 Operational Amplifier . 3-84 

MC1458N MC1558N — Low-Noise Dual Operational Amplifier . 3-84 

MC1458S MC1558S — High-Slew-Rate Dual Operational Amplifier . 3-89 

MC1709C MCI 709, A — General-Purpose Operational Amplifier . 3-95 

MC1712C MCI 712 — Wideband DC Amplifier. 3-99 

MC1741C MC1741 — General-Purpose Operational Amplifier . 3-104 

MCI 741NC MCI 741 N — Low-Noise Operational Amplifier . 3-104 

MCI 741 SC MCI 741 S — High-Slew-Rate Operational Amplifier . 3-109 

MC1747C MC1747 — Dual MC1741 Operational Amplifier . 3-115 

MC1748C MCI 748 — General-Purpose Operational Amplifier . 3-119 

MC1776C MCI 776 — Programmable Operational Amplifier . 3-123 

— — MC3301 Quad Operational Amplifier . 3-132 

MC3401 — — Quad Operational Amplifier . 3-140 

MC3403 MC3503 MC3303 Quad Differential-Input Operational Amplifier . 3-148 

MC3458 MC3558 MC3358 Dual Operational Amplifier. 3-154 

MC3476 — — Programmable Operational Amplifier . 3-160 

MC4558C, MC4558, N — Dual High-Frequency Operational Amplifier . 3-165 

AC, NC 

MC4741C MC4741 — Quad MCI 741 Operational Amplifier . 3-169 

MC34001 MC35001 — Single TRIMFET Operational Amplifier . 3-175 

MC34002 MC35002 — Dual TRIMFET Operational Amplifier. 3-175 

MC34004 MC35004 — Quad TRIMFET Operational Amplifier . 3-175 

MC34022 MC35022 — Dual Precision TRIMFET Operational Amplifier. 3-179 
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OPERATIONAL AMPLIFIERS 


Motorola offers a broad line of operational amplifiers to meet a wide range of usages. From 
low-cost industry-standard types to high precision circuits, the span encompasses a large range of 
performance capabilities. These linear integrated circuits are available as single, dual, and quad 
monolithic devices in a variety of package styles as well as standard chips. 


Single Operational Amplifiers 



NONCOMPENSATED 


■iB 

mA 

Device max 


Military Temperature Range (-55°C to ■H25°C) 




SR(Av=1) 

Supply Voltage 



V/ps 

V 



typ 

min max 

Description 

Packages 



MC1709A 
MC1712 
MCI 748 


Industrial Temperature Range (0°C to +70°C) 


LM301A 

0 25 

LM308 

7 0 

LM308A 

7 0 

MC1420 

4 0 

MC1430 

15 

MC1431 

03 

MC1433 

20 

MC1439 

1 0 

MC1709C 

1 5 

MC1712C 

7 5 

MC1748C 

05 





1.0 

05 

±3 0 

±18 

General Purpose 

601,626, 693 

1.0 

03 

±3 0 

±18 

Precision 

601,606, 
626, 693 

1.0 

03 

±3 0 

±18 

Precision 

601,606, 
626, 693 

10 

50 

±4 0 

±8 0 

Differential Output 

603, 606 

3 0 

1 0 

±4 0 

±8 0 

General Purpose 

6038,606, 
632, 646 

2 0 

1.0 

±4 0 

±8 0 

General Purpose 
(Darlington Input) 

603B, 606, 
632, 646 

08 

2.0 

±4 0 

±18 

General Purpose 

6038, 606, 
632, 646 

2.0 

42 

±6 0 

±18 

High Slew Rate 

601, 626, 
632, 646 

1.0 

03 

±3 0 

±18 

General Purpose 

601,606, 
626, 632, 
646, 693 

7 0 

1.5 

-±6 0 
-3.0 

+14 

-7.0 

Wideband DC 
Amplifier 

601,606, 632 

1.0 

05 

±3 0 

±18 

General Purpose 

601,626, 693 





































Single Operational Amplifiers 


INTERNALLY COMPENSATED 



'iB 

V|0 

TCviO 

'lO 1 

^vol 

BW(Av=1) 

SR(Av«1)l 

Supply Voltage 




pA 

mV 

mV/°c 

nA i 

V/V 

MHz 

V/ps ! 

V 



Device 

max 

max 

typ j 

max 1 

min 

typ 

‘yp 

min max 

Description 

Packages 


Military Temperature Range (-55°C to +125°C) 



LF155 


5.0 

5.0 

20pA 

50K 

1 0 

50 


±22 

FET Input 

601 

LF155A 

50pA 

2.0 

3.0 

lOpA 

50K 

1.0 

5.0 

mm 

±22 

FET Input 

601 

LF156 

lOOpA 

5 0 

5.0 

20pA 

50K 

2.0 

15 


*22 

FET Input 

601 

LF156A 

50pA 

2 0 

3.0 

lOpA 

50K 

2.0 

15 

mm 

±22 

FET Input 

601 

LF157 

■tOBEW 

5 0 

5 0 

20pA 

50K 

3 0 

75 


±22 

Wideband FET Input 

601 

LF157A 

50pA 

2.0 

3 0 

lOpA 

50K 

30 

75 


±22 

Wideband FET Input 

601 

LM107 

0.075 

2.0 

10 

10 

50K 

1.0 

05 


±22 

General Purpose 

601,693 

MC1536 

0 02 

5.0 

10 

3.0 


1.0 

2.0 

±15 

±40 

High Voltage 

601 

MC1556 

0.015 

4.0 

10 

2 0 


1 0 

2.5 

±3.0 

±22 

High Performance 

601,632 

MC1733 

0.20 


■■ 

3 OpA 

90 

90 


±4 0 

±8.0 

Differential Wideband 
Video Amp 

603,632 

MC1741 

05 

50 



50K 

1.0 

05 

±3 0 

±22 

General Purpose 

601,606, 
632, 693 

MC1741N 

05 

5.0 



50K 

1 0 

0.5 

±30 

±22 

Low Noise 

601,606, 
632, 693 

IVIC1741S 

0.5 

5.0 


200 

50K 

1 0 

10 


±22 

High Slew Rate 

601,632, 693 

MC1776 

0 0075 

5.0 


3.0 

Ktwa 

1.0 

02 

BIU 

±18 

pPower Programmable 

601,632 

MC35001 

lOOpA 

10 



25K 

4.0 

13 

BUM 

±22 

TRIMFET Input 

601,693 

MC35001A 

75pA 

2.0 


25pA 

50K 

4.0 

13 

BUil 

±22 

TRIMFET Input 

601,693 

IV1C35001B 

lOOpA 

5 0 


50pA 

50K 

40 

13 



TRIMFET Input 

601,693 


industrial Temperature Range (0°C to +70‘’C| 


LF355 

200pA 

10 

5.0 

50pA 

50K 

1 0 

50 

±5.0 

±18 

FET Input 

601 

LF355A 

50pA 

2.0 

1 0 

lOpA 

50K 

1.0 

5 0 

±5 0 

±18 

FET Input 

601 

LF356 

200pA 

10 

5 0 

50pA 

50K 

2 0 

15 

±5 0 

±18 

FET Input 

601 

LF356A 

50pA 

2.0 

1 0 

lOpA 

50K 

2.0 

15 

±5.0 

±18 

FET Input 

601 

LF357 

200pA 

10 

5.0 

50pA 

50K 

3 0 

75 

±5.0 

±18 

Wideband FET Input 

601 

LF357A 

50pA 

2.0 

1 0 

lOpA 

50K 

3 0 

75 

±5 0 

±18 

Wideband FET Input 

601 

LM307 

0.25 

7.5 

10 

50 

25K 

1 0 

0.5 

±3 0 

±18 

General Purpose 

601,626, 693 

MC1436 

0 04 

10 

12 

10 

70K 

1.0 

20 

±15 

±34 

. High Voltage 

601 

MCI456 

0 03 

10 

12 

10 

70K 

1 0 

25 

±3 0 

±18 

High Performance 

601,632 

MC1733C 

30 

— 

_ 

5 O^A 

80 

90 

- 

±4 0 

±8 0 

Differential Wideband 
Video Amp 

601,632, 646 

MC1741C 

05 

6.0 

15 

200 

20K 

1.0 

0.5 

±3 0 

±18 

General Purpose 

601,632, 626, 
646, 693 

MC1741NC 

0 5 

60 

15 

200 

20K 

1.0 

05 

±30 

±18 

Low Noise 

601,632, 626, 
646, 693 

MC1741SC 

05 

60 

15 

200 

20K 

1.0 

10 

±3.0 

±18 

High Slew Rate 

601,632, 626, 
646, 693 

MC1776C 

0 003 

6.0 

15 

3.0 

100K 

1 0 

0.2 

±1 5 

±18 

pPower, Programmable 

601 

MC3476 

0.05 

6.0 

15 

25 

50K 

1.0 

0.2 

±1.5 

±18 

Low Cost 

/jPower, Programmable 

601,626 

MC34001 

200pA 

10 

10 

lOOpA 

25K 

4.0 

13 

±5 0 

±13 

TRIMFET Input 

601, 626, 693 

MC34001A 

lOOpA 

2.0 

10 

50pA 

50K 

4.0 

13 

±5 0 

±18 

TRIMFET Input 

601,626, 693 

MC34001B 

200pA 

5.0 

10 

lOOpA 

50K 

4 0 

13 

±5 0 

±18 

TRIMFET Input 

601, 626, 693 
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Dual Operational Amplifiers 


INTERNALLY COMPENSATED 



•iB 



■lO 




Supply Voltage 




pA 



' nA 




V 



Device 

max 



max 




min max 

Description 

Packages 


Military Temperature Range l-55°C to +125°) 


LM158 

0 15 

50 

10 

30 

50K 

1.0 

06 

±1 5 
+3 0 

±18 

+36 

Split Supplies 

Single Supply 
(Low Power 
Consumption) 

601,632. 693 

MCI 558 

05 

5 0 

10 

200 

50K 

1.1 

08 

+ 3 0 

±22 

Dual MC1741 

601,632, 693 

MC1558N 

05 

5 0 

10 

200 

50K 

1 1 

08 

±3 0 

±22 

Low Noise 

601, 632, 693 

MC1558S 

0 5 

5 0 

10 

200 

50K 

1 0 

10 

±3 0 

±22 

High Slew Rate 

601,632, 693 

MCI 747 

05 

5 0 

10 

200 

50K 

1.0 

05 

±3 0 

±22 

Dual MC1741 

601,632 

MC3558 

05 

5 0 

10 

50 

50K 

1.0 

06 

±1 5 
+3 0 

±18 

+36 

Split Supplies 

Single Supply 

601,632, 693 

MC4558 

05 

5 0 

10 

200 

50K 

4 0 

1.5 

±3.0 

±22 

High Frequency 

601,632, 693 

MC35002 

lOOpA 

10 

10 

lOOpA 

25K 

4 0 

13 

±5 0 

±22 

TRIMFET Input 

601,693 

MC35002A 

75pA 

2 0 

10 

25pA 

50K 

40 

13 

±50 

±22 

TRIMFET Input 

601,693 

MC35002B 

lOOpA 

5.0 

10 

50pA 

50K 

4.0 

13 

±5 0 

±22 

TRIMFET Input 

601,693 

MC35022 

150pA 

2 0 

5 0 

70pA 

25K 

4 0 

13 

±50 

±22 

Precision 
TRIMFET Input 

601,693 

MC35022A 

60pA 

0 5 

5.0 

25pA 

50K 

4 0 

13 

±5 0 

±22 

Precision 
TRIMFET Input 

601,693 

MC35022B 

75pA 

1 0 

5.0 

50pA 

50K 

4 0 

13 

±5 0 

±22 

Precision 
TRIMFET Input 

601,693 


Industrial Temperature Range (0°C to +70°C) 


LM358 

0.25 

60 

7 0 

50 

25K 

1 0 

06 

±1 5 
+3 0 

±18 

+36 

Split Supplies 

Single Supply 
(Low Power Consumption) 

601,626, 693 

MCI458 

05 

60 

10 

200 

20K 

1 1 

08 

±3 0 

±18 

Dual MC1741 

601,626, 632, 
646, 693 

MC1458N 

05 

60 

10 

200 

20K 

1 1 

08 

±3 0 

■ 18 

Low Noise 

601,626, 632, 
646, 693 

MC1458S 

0 5 

6 0 

10 

200 

20K 

1 0 

10 

±3 0 

±18 

High Slew Rate 

601,626, 632 
646, 693 

MC1747C 

0 5 

6 0 

10 

200 

25K 

1 0 

05 

±30 

±18 

Dual MC1741 

603, 632, 646 

MC3458 

05 

10 

7 0 

50 

20K 

1 0 

06 

±1 5 
+3 0 

±18 

+36 

Split Supplies 

Single Supply 
(Low Crossover 
Distortion) 

601,626, 693 

MC4558C 

05 

60 

10 

200 

i a 

3.0 

1.5 

±3 0 

•18 

High Frequency 

601,626,693 

MC34002 

lOOpA 

10 

10 

lOOpA 

113 

4 0 

13 

±5 0 

±18 

TRIMFET Input 

601, 626, 693 

MC34002A 

75pA 

20 

10 

50pA 


4 0 

13 

±5.0 

±18 

TRIMFET Input 

601,626, 693 

MC34002B 

lOOpA 

5 0 

10 

70pA 

25K 

4 0 

13 

±5 0 

±18 

TRIMFET Input 

601,626, 693 

MC34022 

150pA 

2 0 

5 0 

70pA 

25K 

4 0 

13 

±5 0 

±18 

Precision 
TRIMFET Input 

601,626, 693 

MC34022A 

75pA 

0.5 

5 0 

30pA 

50K 

4.0 

13 

±5.0 

±18 

Precision 
TRIMFET Input 

601,626, 693 

MC34022B 

150pA 

1.0 

5 0 

70pA 

50K 

4 0 

13 

±5 0 

±18 

Precision 
TRIMFET Input 

601,626, 693 


Automotive Temperature Range (•40°C to +85°C) 


MC3358 

50 




20K 

1 0 

06 

±1.5 

±18 

Split Supplies 

626 



H 





_i 

+3 0 

+36 

Single Supply 



NONCOMPENSATED 

Military Temperature Range (-55°C to +125°C) 


MC1535 

3 0 

30 

10 

300 

4K 

1 1 0 

1 0 01 


11 

General Purpose 

6036,606, 

632 

MC1537 

05 

5 0 

1 

200 

25K 

1 0 

0 25 


B9 

Dual MCI 709 

632 


Industrial Temperature Range (0°C to +70°C) 


MCI 435 

50 

5 0 

10 

500 

3 5K 

1 0 

0 01 

61 

±9 0 

General Purpose 

603B, 607, 
632 

MC1437 

1.5 


10 

500 

15K 

1 0 

0 25 


±18 

Dual MCI709 

632, 646 




































































Quad Operational Amplifiers 

INTERNALLY COMPENSATED 



he 

Vioj 

MW 

1 ‘lO 

^vol 

BW(Aw=1) 

SR(Av=1) 

Supply Voltage 




pA 

mV 


tiA 

V/V 

MHz 

V/ps 

V 



Device 

max 

max! 

mSM 

max 

min 

typ 

typ 

min max 

Description 

Packages 


Military Temperature Range (-55°C to +125°C) 


LIVI124 

0.15 

5.0 

7.0 

30 

50K 

1.0 


±1.5 

±16 

Low Power 

632, 646 









+3.0 

+32 

Consumption 


MC3503 

0.5 

50 

7.0 

50 

50K 

1.0 

0.6 

±1 5 

±18 

General Purpose 

632, 646 









+3 0 

+36 

Low Power 


MC4741 

0.5 

5.0 

15 

200 

50K 

1.0 . 

0.5 

±3 0 

±22 

Quad MCI 741 

632, 646 

IV1C35004 

lOOpA 

10 

10 

lOOpA 

25K 

4.0 

13 

±5 0 

±22 

Trimmed FET Input 

632 

MC35004A 

75pA 

2.0 

10 

25pA 

50K 

4 0 

13 

±5 0 

±22 

Trimmed FET Input 

632 

MC350048 

lOOpA 

5 0 

10 

50pA 

50K 

4 0 

13 

±5 0 

±22 

Trimmed FET Input 

632 


Industrial Temperature Range (0°C to 70°C) 


LM324 

0.25 

6.0 

7.0 

50 

25K 

1 0 

06 

±1 5 

±16 

Low Power 

632, 646 









+3 0 

+32 

Consumption 


MC3401 

0.3 

- 


- 

IK 

5 0 

0.6 

±1.5 

±18 

Norton Input 

632, 646 









+3 0 

+36 



MC3403 

05 

10 


50 

20K 

1.0 

06 

±1 5 

±18 

No Crossover 

632, 646 









+ 3 0 

+36 

Distortion 


MC4741C 

05 

6.0 


200 

20K 

1.0 

05 

±3 0 

±18 

Quad MCI741 

632, 646 

MC34004 

200pA 

10 


lOOpA 

25K 

4 0 

13 

±5 0 

±18 

Trimmed FET Input 

632, 646 

MC34004A 

lOOpA 

2.0 


50pA 

50K 

4 0 

13 

±5 0 

±18 

Trimmed FET Input 

632, 646 


200pA 

50 


lOOpA 

50K 

40 

13 

±5 0 

±18 

Trimmed FET Input 

632, 646 


Automotive Temperature Range MO^C to +85°C) 


LM2902 

05 

10 

- 

50 

- 

1 0 

06 

±1 5 
+ 3 0 

±13 

+26 

Differential 

Low Power 

646 

MC3301 

0.3 

- 

- 

- 

IK 

4.0 

06 

±2 0 
+4 0 

±15 
+ 28 

Norton Input 

646 

MC3303 

05 

80 

10 

75 

20K 

1 0 

06 

±1 5 
+3 0 

±18 

+36 

Differential 

General Purpose 

646 


Package Styles 


CASE 

601 

603 

6038 

606 

626 

MATERIAL 

Metal 

Metal 

Metal 

Ceramic 

Plastic 

SUFFIX after type number 

G, H 

G,H 

G, H 

F 

P, PI, N 



14 ,4 

, Cwv 

1 1 1 


CASE 

632 

646 

693 

MATERIAL 

Ceramic 

Plastic 

Ceramic 

SUFFIX after type number 

J, L 

P, P2 

J, u 
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MONOLITHIC JFET INPUT 
OPERATIONAL AMPLIFIERS 


These internally compensated operational amplifiers incorporate 
highly matched JFET devices on the same chip with standard 
bipolar transistors. The JFET devices enhance the input charac¬ 
teristics of these operational amplifiers by more than an order 
of magnitude over conventional amplifiers. 

This series of op amps combines the low current characteristics 
typical of FET amplifiers with the low initial offset voltage and 
offset voltage stability of bipolar amplifiers. Also, nulling the offset 
voltage does not degrade the drift or common mode rejection. 

• Low Input Bias Current - 30 pA 

• Low Input Offset Current - 3.0 pA 

• Low Input Offset Voltage — 1.0 mV 

• Temperature Compensation of Input Offset Voltage — 

3.0 iuV/°C 

• Low Input Noise Current — 0.01 pA/\/Hz 

• High Input Impedance — 10^2^2 

• High Common-Mode Rejection Ratio - 100 dB 

• High DC Voltage Gain — 106 dB 


SERIES FEATURES 

LF155 Series — Low Power Supply Current 
LF156 Series — Wide Bandwidth 

LF157 Series — Wider Bandwidth Decompensated (Avmin ” 5) 


Fast Settling Time to 0.01% 
Fast Slew Rate 
Wide Gain Bandwidth 
Low Input Noise Voltage 


LF155A 
4 . 0^15 
5.0 V/(JLS 
2.5 MHz 


LF156A LF157A 
1.5 /us 1.5 /us 
12V//US 50 V//US 

5.0 MHz 20 MHz 


20nV/v/Hz 12 nV/VHz 12nVA/Hz 


LF155*LF156«LF157* 

LF155A*156A*157A* 

LF255*LF256*LF257* 

LF355*LF356*LF357* 

LF355A»356A*357A* 

LF355B<356B>357B* 


MONOLITHIC JFET 
OPERATIONAL AMPLIFIERS 


H SUFFIX 
METAL PACKAGE 
CASE 601 



N SUFFIX 
PLASTIC PACKAGE 
CASE 626 


J SUFFIX 

CERAMIC PACKAGE 
CASE 693 

Offset Null 1 cz: 

Invt Input 2 cr- 

Noninvt Input 3d-+ 

Vee 4iiz 

(Top View) 


APPLICATIONS 

The LF series is suggested for all general 
purpose FET input amplifier requirements 
where precision and frequency response 
flexibility are of prime importance. 

Specific applications include: 

• Sample and Hold Circuits 

• High Impedance Buffers 

• Fast D/A and A/D Converters 

• Precision High-Speed Integrators 

• Wideband, Low Noise, Low Drift Amplifiers 


•NOTE: The LF 157 series is designed for 
wider bandwidth applications. The series is 
decompensated (A\/min " 5). 





ORDERING INFORMATION 
Saa back paga 






















LF155, A-157, A; LF255-257; LF355, A, B-357, A, B 


MAXIMUM RATINGS 


Rating 

Symbol 

LF155A/ 

156A/157A/ 

155/156/157 

LF255/ 

256/257 

LF355B/ 

356B/357B 

LF355A/ 

356A/357A/ 

355/356'/357 

Unit 

Supply Voltage 

Vcc 

Vee 

+ 22 
-22 

+ 18 
-18 

V 

Differential Input Voltage 

V|D 

±40 

±30 

V 

Input Voltage Range (Note 1) 

V|DR 

±20 

±16 

V 

Output Short-Circuit Duration 

ts 

Continuous 


Operating Ambient Temperature 
Range 

Ta 

-55 to+125 

-25 to +85 

0 to + 70 

0 to +70 

m 

Operating Junction Temperature 
Metal and Ceramic Packages 

Platic Package 

Tj 

150 

115 

100 

m 

Storage Temperature Range 

Metal and Ceramic Packages 

Plastic Package 

"•"stg 

-65 to +150 

“ 

-65 to +150 
-55 to+125 

m 


Note 1. Unless otherwise specified, the absolute maximum negative input voltage is equal to the negative power supply voltage. 


CIRCUIT SCHEMATIC 


Offset Null 



•C2 = 2.0 pF on LF157. 
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LF155, A-157 A; LF255-257; LF355, A, B-357, A, B 


A-SUFFIX DEVICES 


DC ELECTRICAL CHARACTERISTICS (Vcc - is to 20 v, Vee - -is to -20 v for lfi55a/6A/7A; 

Vcc “ 15 to 18 V, VE£ = -15to-18 V for LF355A/6A/7A; = ^(ow 1® ^high (Mote 2) unless otherwise noted) 




LF155A/6A/7A 

LF355A/6A/7A 


Characteristic 

Symbol 


Bn 


I2Q 

Bn 


Unit 

Input Offset Voltage 

V|o 




B 



mV 

(Rs = 50 n, VcM = 0) 

(Ta = 25°C) 


1 

1.0 

2.0 

B 

1.0 

2.0 


(Over Temperature) 


H 

- 

2.5 

II 

- 

2.3 


Average Temperature Coefficient of Input Offset Voltage 

AV|o/AT 

- 

^^9 


- 

■cK»a 


mV/°C 

(Rs “ 50 n) 



B 

B 


m 

B 


Change in Average TC with V|o Adjust 

ATC/AV|o 

B 


- 

B 


B 

mV/°C 

(RS = 50n) (Notes) 


■ 

m 


■ 

m 

■ 

per mV 

Input Offset Current 

l|0 

BB 

B 


^B| 




(VcM = 0) (Note 4) 

(Tj = 25°C) 


B 

Rl 

10 

H 


10 

pA 

(Tj < Thigh) (Note 2) 


■ 

B 

10 

El 

B 

1.0 

nA 

Input Bias Current 

■iB 








(VcM = 0) (Note 4) 

(Tj = 25°C) 


B 

30 

50 

B 

30 

50 

pA 

(Tj < Thigh) (Note 2) 


BB 

- 

25 

H 

- 

5.0 

nA 

Input Resistance 


- 

1012 

- 

- 

SBIH 

- 

n 

(Tj = 25°C) 






H 



Large Signal Voltage Gam 

avol 



B 



B 

V/mV 

(Vq = ± 10 V, Rl = 2.0 k, Vcc = 15 V, Vee = -15 V) 

(Ta = 25°C) 


50 

200 

H 

50 

200 

B 


(Over Temperature) 


25 

- 

Bi 

25 

_ 

■ 


Output Voltage Swing 

Vo 

Bi 

H 


Bi 

M 



(Vcc = 15 V, Vee = -is v, Rl = io kn) 


BS 

B9 

- 

BB 

B9 

- 


(Vcc = 15 V, Vee = -15 V, Rl = 2.0 kn) 


BQ 

BB 

- 

BB 

BB 

- 


Input Common-Mode Voltage Range 

V|CR 

HI! 

-H5.1 

- 

nn 


- 

V 

(Vcc - 15 V, Vee = -is v) 


BI 

-120 


Bi 




Common-Mode Rejection Ratio 

CMRR 

la 

mm 

- 

la 


- 

dB 

Supply Voltage Rejection Ratio (Note 5) 

PSRR 

m 

WBl 

- 

B 


- 

dB 

Supply Current 

<0 

B 



B 



mA 

(Ta = 25°C, Vcc = 15 V, Vee = -15 V) 

LF155A/355A 


B 


4.0 

1 

2.0 

4.0 


LF156A/7A 


■ 


7.0 

H 

B 

B 


LF356A/7A 


B 

B 

- 

H 

KKia 

B 



AC ELECTRICAL CHARACTERISTICS (Vcc = is v, Vee = -is v. = 25°c) 


LF155A/355A LF156A/356A LF157A/357A 


Characteristic 


Symbol 




Slew Rate 

(Av=1) LF155A/6A 

(Av = 5) LF157A 

SR 

Gain-Bandwidth Product 

BWp 

Settling Time to 0.01% (Note 6) 

‘s 




Equivalent Input Noise Voltage e^ 

(RS = WO a) 

(f = 100 Hz) 

(f = 1000 Hz) 




Unit 

V/p's 


MHz 

MS 

nV/v/Fil 


Equivalent Input Noise Current 

•n 



(f = 100 Hz) 



0.01 

(f = 1000 Hz) 



0.01 

Input Capacitance 

Cl 




0.01 
0.01 
3 0 


PA/\/H? 

0.01 

0.01 


pF 


NOTES 


(1) Unless otherwise specified, the absolute maximum negative input 
voltage is equal to the negative power supply. 

(2) T|ow = -S5°C for LF155A/156A/1 57A 

0°C for LF355A/356A/357A 
Thigh = +125°C for LF155A/156A/157A 
+ 70°C for LF355A/356A/357A 

(3) The temperature coefficient of the adjusted input offset voltage 
changes only a small amount (0.5 MV/®C typically) for each mV 
of adjustment from its original unadjusted value. Common-mode 
rejection and open loop voltage gain are also unaffected by 
offset adjustment. 

(4) The input bias currents approximately double for every lO^C 
rise in junction temperature, Tj. Due to limited test time, the 


input bias currents are correlated to junction temperature 
Use of a heat sink is recommended if input bias current is to be 
kept to a minimum. 

(5) Supply voltage rejection ratio is measured for both supply 
magnitudes increasing or decreasing simultaneously, in accor¬ 
dance with common practice. 

(6) Settling time is defined here, for a unity gain inverter connection 
using 2.0 k resistors for the LF155/6. It is the time required for 
the error voltage (the voltage at the inverting input pin on the 
amplifier) to settle to within 0.01% of its final value from the 
time a 10 V step input is applied to the inverter. For the LF157, 
Ay ~ -5.0, the feedback resistor from output to input is 2.0 k 
and the output step is 10 V (see settling time test circuit). 


Q_Q 


































































































LF155, A-157, A; LF255-257; LF355, A, B-357, A, B 


BASIC AND B-SUFFIX DEVICES 

DC ELECTRICAL CHARACTERISTICS (Vcc - is to 20 V, Vee - -is to -20 V tor LFIBB LF2BB ••rl«t, and LF3BBB I 
Vcc “ IS V, Vee ” - IB V for LF38B tarlti; T/^ - Tlow 1° Thloh (Mote 2) unlaii otherwlae noted) 


LF255/6/7 


Cliaractariitic 


Input Offset Voltage (Rs “ 50 n, Vqm “ 0) 
(Ta - 25°C) 

(Over Temperature) 


Average Temperature Coefficient of Input Offset Voltage 
(Rs " 50 n) 


Change in Average TC with Vjq Adjust 
(Rs - son) (Notes) 


Input Offset Current (Vcm - 0) (Note 4) 
(Tj - 25°C) 
lTj<ThiQh) (Note 2) 


Input Bias Current (VcM * 0) (Note 4) 
(Tj - 25°C) 

(Tj < Thiqh) (Note 2) 


Input Resistance (Tj * 25°C) 


Large Signal Voltage Gain 

(Vo = ±10 V, Rl = 2.0 k, Vcc = 15 V, Vgg = -15 V) 
(Ta = 25°C) 

(Over Temperature) 


Output Voltage Swing 

(Vcc = 15 V, Vee = -15 v, Rl = io kn) 

(Vcc= 15 V, Vee = -15V, RL = 2kn) 


Input Common-Mode Voltage Range 

(Vcc = 15 V, Vee =-15 v) 


Common-Mode Rejection Ratio 


Supply Voltage Rejection Ratio (Note 5) 


Supply Current (Ta = 25°C, Vcc = 15 V, Vee = -15 V) 
LF155/255/355B/355 
LF156/157/256/257/3 56B/357B 
LF356/357 



LF365B/6B/7B 




AVio/AT 


ATC/AVio 


1|0 




HBiIBBHBHH 



Gain-Bandwidth Product 


Settling Time to 0.01% (Note 7) 


Equivalent Input Noise Voltage 
(Rs = 100 n, f= 100 Hz) 
(Rs = 100 n, f = 1000 Hz) 


Equivalent Input Noise Current 
(f = 100 Hz) 

(f = 1000 Hz) 


Input Capacitance 


LF155/255/ 

LF156/256/ 

LF157/257/ 

355B/355 

356B/356 

357B/357 








—M 

—B—il 



(1) Unless otherwise specified, the absolute maximum negative input 
voltage is equal to the negative power supply. 

(2) T|o^ = -55°C tor LF1 55/1 56/157 

= -25°C tor LF255/256/257 
= 0°C tor LF355/355B/356/356B/357/357B 
Thigh = + 125°C tor LF155/156/1 57 
= ■r85°C tor LF255/256/257 
= -l■70°C for LF355/355B/356/356B/357/357B 

(3) The temperature coefficient of the adjusted input offset voltage 
changes only a small amount (0.5 mV/°C typically) for each mV 
of adjustment from its original unadjusted value Common-mode 
rej'ection and open loop voltage gain are also unaffected by off¬ 
set adjustment. 

(4) The input bias currents approximately double for every lO^C 
rise m junction temperature, Tj. Due to limited test time, the 
input bias currents are correlated to junction temperature. Use 


of a heat sink is recommended if input bias current is to be kept 
to a minimum. 

(5) Supply voltage rejection ratio is measured for both supply mag¬ 
nitudes increasing or decreasing simultaneously, in accordance 
with common practice. 

(6) The Mm. slew rate limits apply for the LF156/256/356B and 
the LF157/257/357B, but do not apply for the LF356 or 
LF357. 

(7) Settling time is defined here, for a unity gain inverter connection 
using 2.0 k resistors for the LF155/6. It is the time required for 
the error voltage (the voltage at the inverting input pin on the 
amplifier) to settle to within 0.01% of its final value from the 
time a 10 V step input is applied to the inverter. For the LF157, 

® - 5 0, the feedback resistor from output to input is 2.0 k and 
the output step is 10 V (see settling time test circuit). 
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Iq, supply current (mA) l|B. INPUT BIAS CURRENT (pA) l|B. INPUT BIAS CURRENT (pA) 


LF155, A-157, A; LF255-257; LF355, A, B-357, A, B 


TYPICAL DC PERFORMANCE CHARACTERISTICS 
(Curves are for LF155, LF156, and LF157 series unless otherwise specified) 
INPUT BIAS CURRENT versus CASE TEMPERATURE 


FIGURE 1 - (LF155 SERIES) 



























Vc 

C = 20V, 

Vee = -2 

ov , 




Vc 

C-15V, 

Vee = -1 










Vc 

c = iav. 

Vee = -i 

IV 




V 

-1 

:C*5V.Ve£ = -5 

V 






-1- 

LF155 

I 




Tc, CASE TEMPERATURE (OC) 



-55 -25 5.0 35 65 95 125 

Tc, CASE TEMPERATURE (OC) 


FIGURE 3 - INPUT BIAS CURRENT 


versus INPUT COMMON-MODE VOLTAGE 



FIGURE 4 - OUTPUT VOLTAGE SWING 



0 5 0 10 15 20 

VCC- VeE- supply voltage (t VOLTS) 


SUPPLY CURRENT versus SUPPLY VOLTAGE 

FIGURE 5 - (LF155 SERIES) 










































■ 








RB 


■ 




— 



__ 


_ 


— 

— 


__ 

— 


Tc = i 

250 c 



■ 


LF 

55 




_ 


50 10 15 20 

Vcc, Vee. supply voltage (iVOLTS) 



5 0 10 15 20 

Vcc. Vee. supply voltage (±volts) 
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AvoL. OPEN LOOP VOLTAGE GAIN (V/V) V|(;. POSITIVE COMMON MODE INPUT VOLTAGE (VOLTS) Vq. NEGATIVE OUTPUT VOLTAGE SWING (VOLTS) 


LF155, A-157, A; LF255-257; LF355, A, B-357, A, B 


TYPICAL DC PERFORMANCE CHARACTERISTICS (continued) 



0 -5.0 -10 -15 -20 -25 -30 -35 -40 



^ I _I_I_I » I_ i_i _I_I_ u 

0 5.0 10 15 20 25 30 35 40 


ISink. OUTPUT SINK CURRENT (mA) 


ISink. OUTPUT SINK CURRENT (mA) 


FIGURE 9 - POSITIVE COMMON-MODE 
INPUT VOLTAGE LIMIT 











-5500 

<Ta< 

25''C 































/I 















_ 


_I 






50 10 15 20 


Vcc, POSITIVE SUPPLY VOLTAGE (VOLTS) 




5 0 10 IS 20 

Vcc. Vee. supply voltage (±V0LTS) 


FIGURE 12 - OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 



01 10 10 100 
Rl, output load RESISTANCE (kfL) 
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SLEW RATE NORMALIZED TO 25°C Vq, OUTPUT VOLTAGE SWING PROM 0 V (VOLTS) BWp, GAIN BANDWIDTH PRDDUCT (MH 2 ) 


LF155, A-157, A; LF255-257; LF355, A, B-35Z A, B 


TYPICAL AC PERFORMANCE CHARACTERISTICS 
GAIN BANDWIDTH PRODUCT 



-65 -35 -15 50 25 45 65 85 105 125 

Ta, AMBIENT TEMPERATURE (“O 



-55 -35 -15 5 0 25 45 65 85 105 125 

Ta, ambient TEMPERATURE (“0 


INVERTER SETTLING TIME 



0 1 0 2 0 5 1 0 2 0 5 0 10 

tj,SETTLING TIME (as) 



-55 -35 -15 5 0 25 45 65 85 105 125 

Ta. ambient TEMPERATURE (“O 



01 02 05 10 20 50 10 

tj, SETTLING TIME (as) 



10 100 Ik 10 k 100 k 1M 10 M 

I, FREQUENCY (Hzl 































































. EQUIVALENT INPUT NOISE VOLTAGE (nV/v/Hz) PSRR, SUPPLY VOLTAGE REJECTION RATIO (dB) CMRR. COMMON MODE REJECTION RATIO (dB) 


LF155, A-157, A; LF255-257; LF355, A, B-357, A, B 


TYPICAL AC PERFORMANCE CHARACTERISTICS (continued) 



10 100 Ik 10k 100k 1M 10M 

(.FREQUENCY (Hz) 


FIGURE 26 - UNDISTORTED OUTPUT 



10k 100k 1M 10M 

f, FREQUENCY (Hz) 


POWER SUPPLY VOLTAGE REJECTION RATIO 


FIGURE 27 - (LF155 SERIES) 


FIGURE 28 - (LF156 AND LF157 SERIES) 


3 



10 100 Ik 10 k 100 k 1M 10 M 

f, FREQUENCY (Hz) 



100 Ik 10 k 100 k 1M 10 M 100 M 
f, FREQUENCY (Hzl 


EQUIVALENT NOISE VOLTAGE 


FIGURE 29 - (LF155/156/157 SERIES) 


FIGURE 30 - (EXPANDED SCALE) 




I, FREQUENCY (Hz) 


(.FREQUENCY (Hz) 











































LF155, A-157, A; LF255-257; LF355, A, B-357, A, B 


TYPICAL CIRCUIT CONNECTIONS 


FIGURE 31 - DRIVING CAPACITIVE LOADS 


5.0 k 



Due to a unique output stage design these amplifiers have the 
ability to drive large capacitive loads and still maintain stability. 
CL(max) = 0-01 /'P- 
Overshoot < 20% 

Settling time (tj) = 5.0 


FIGURE 32 - LARGE POWER BANDWIDTH AMPLIFIER 
10 k 



For distortion < 1% and a 20 Vp-p Vqjj 
swing, power bandwidth is: 500 kHz. 


FIGURE 33 - INPUT OFFSET VOLTAGE ADJUSTMENT 


FIGURE 34 - SETTLING TIME TEST CIRCUIT 


Vcc 



• V|o is adjusted with a 25 k potentiometer 

• The potentiometer wiper is connected to 

• For potentiometers with temperature coefficient of 100 
ppm/°C or less the additional drift with adjust is ^ 0.5 pV/ 
°C/mV of adjustment. 

a Typical overall drift. 5.0 jiV/°C ±(0.5 jiV/°C/mV 
of adjustment.) 


2.0 k, 0.1% 



FIGURE 35 - NON-INVERTING UNITY GAIN 
OPERATION FOR LF157 


FIGURE 36 - INVERTING UNITY GAIN FOR LF157 
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LF155, A-157, A; LF255-257; LF355, A, B-357, A, B 


TYPICAL APPLICATIONS 


FIGURE 37 - WIDE BW, LOW NOISE, 
LOW DRIFT AMPLIFIER 



• Parasitic input capacitanca (Cl s 3 pF for LF155, LF156, and 
LF157 plus any additional layout capacitance) interacts with 
feedback elements and creates undesirable high frequency pole 
To compensate add C2 such that: R2C2 = R1C1. 


FIGURE 38 - ISOLATING LARGE CAPACITIVE LOADS 

”2 5.1 k 



• Overshoot 6% 

• tj = 10 M* 

• When driving large Ct_, the slew rate is determined by 


atid )out(max) • 

^ 9:22 V/MS = 0 04 V/ms (with Cl shown) 
At 0.5 


FIGURE 39 - 8-BlT D/A WITH OUTPUT CURRENT FIGURE 40 - PRECISION CURRENT MONITOR 












LF155, A-157, A; LF255-257; LF355, A, B-357, A, B 


ORDERING INFORMATION 


Device 

Temperature Range 

Package 

Device 

Temperature Range 

Package 

LF155AH, H 

-55to+125°C 

Metal Can 

LF256N 

-25 to +85°C 

Plastic DIP 

LF155J 

-55 to +125°C 

Ceramic DIP 

LF356AH,BH, H 

0to+70°C 

Metal Can 

LF255H 

-25 to+85°C 

Metal Can 

LF356BJ, J 

0to+70°C 

Ceramic DIP 

LF255J 

LF255N 

-25to+85°C 
-25 to+85°C 

Ceramic DIP 

Plastic DIP 

LF356BN, N 

0 to +70°C 

Plastic DIP 




LF355AH, BH, H 

0 to +70°C 

Metal Can 

LF157AH. H 

-55 to +125°C 

Metal Can 

LF355BJ, J 

0to+70°C 

Ceramic DIP 

LF157J 

-55 to + 125°C 

Ceramic DIP 

LF355BN, N 

0to+70°C 

Plastic DIP 

LF257H 

-25 to+85°C 

Metal Can 











LO r uO W 


LF156AH, H 

-55 to +125°C 

Metal Can 

LF257N 

-25 to +85°C 

Plastic DIP 

LF156J 

-55 to+125°C 

Ceramic DIP 

LF357AH, BH, H 

0 to +70°C 

Metal Can 

LF256H 

-25 to4 85°C 

Metal Can 

LF357BJ, J 

0 to +70°C 

Ceramic DIP 

LF256J 

-25 to +85°C 

Ceramic Dip 

LF357BN, N 

0to+70°C 

Plastic DIP 
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LM101AH 

LM101AJ 

LM201AH 

LM201AN 

LM201AJ 

LM301AH 

LM301AN 

LM301AJ 


INFORMATION 


Temperature 

Range 


-55°Cto +125'’C 
-55°C to +125°C 
-25'’C to +85°C 
-25°C to +85°C 
-25°C to +85''C 
0°C to +70°C 
0°C to +70°C 
0°C to +70''C 


Package 


Metal Can 
Ceramic DIP 
Metal Can 
Plastic DIP 
Ceramic DIP 
Metal Can 
Plastic DIP 
Ceramic DIP 


LMIO 
LM201A 
LM301A 


OPERATIONAL AMPLIFIER 

A general purpose operational amplifier that allows the user to 
choose the compensation capacitor best suited to his needs. With 
proper compensation summing amplifier slew rates to 10 V//iS can 
be obtained. 

• Low Input Offset Current — 20 nA maximum Over Temperature 

Range 

• External Frequency Compensation for Flexibility 

• Class AB Output Provides Excellent Linearity 

• Output Short-Circuit Protection 

• Guaranteed Drift Characteristics 


FIGURE 1 - STANDARD COMPENSATING 
AND OFFSET BALANCING CIRCUIT 


NON INVERTING ^ 

INPUT 

Lifreq I 

BALANCE AcOMPEN 


OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


N SUFFIX 
PLASTIC PACKAGE 
CASE 626 

(LM201A and LN/I301A) 





n ^ n 























LMIOIA, LM201A, LM301A 


MAXIMUM RATINGS 


Rating 

Symbol 

VALUE 

Unit 

LMIOIA 

LM201A 

LM301A 

Power Supply Voltage 

vcc. vee 

±22 

±22 

±18 

Vdc 

Input Differential Voltage 

V|D 


Volts 


Input Common-Mode Range (Note 1) 

V|CR 


Volts 


Output Short-Circuit Duration 

»S 

^nntinuouc ^ 



Power Dissipation (Package Limitation) 

Metal Can 

Derate above Ta = +75°C 

Plastic Dual In-Line Package (MLM201A/ 
Derate above Ta = +25°C 301 A) 

Ceramic Package 

Derate above 25°C 

Pd 


mW 

mW/°C 

mW 

mW/°C 

mW 

mW/°C 


625 625 

5.0 5 0 



Operating Ambient Temperature Range 

Ta 

-55 to+125 j -25 10+85 j 0 to+70 

“C 

Storage Temperature Range 

Tstg 


°C 



Note 1 For supply voltages less than ± 15 V, the absolute maximum input voltage is equal to the supply voltage 


ELECTRICAL CHARACTERISTICS (T/^ = +25°C unless otherwise noted.) Unless otherwise specified, these specifications apply for 

supply voltages from ±5.0 V to ±20 V for the LMIOIA and LM201A, and from ±5.0 V to ±15 V 
forthe LM301A. 


Characteristics 


Input Offset Voltage (Rg^SO kn) 


Input Offset Current 


Input Bias Current 


Input Resistance 


Supply Current 
Vcc/VeE = *20V 
VcC^Vee = ±15 V 


Large Signal Voltage Gain 
Vcc/Vee V, Vq -= ± 10 V, Rl > 2.0 kft) 



The following specifications apply over the operating temperature range. 


V|o 


•lO 


A V(o/AT 


Input Offset Voltage (Rg ^ 50 kn) 


Input Offset Current 


Average Temperature Coefficient of 
Input Offset Voltage 
TA(min) < T/x ^T^fmax) 


Average Temperature Coefficient of 
Input Offset Current 
+25°C<Ta <TA(max) 
^Alminl^^A^ 25°C 


Input Bias Current 


Large Signal Voltage Gam 
Vcc/Vee = ± 15 v, Vq = + io v, Rl > 2 o kn 


Input Voltage Range 

Vcc/Vee = *20 v 
Vcc/Vee = v 


Common-Mode Rejection Ratio 

RS<50 kn 

CMRR 

Supply Voltage Rejection Ratio 

PSSR 

RS<50kn 


Output Voltage Swing 

vo 

Vcc/Vee = v, rl = io kn 


Rl = 2 0 kn 


Supply Currents (Ta = TA(max), 

Ice. 'EE 

Vcc/Vee = ± 20 v) 




70 

96 

±12 

±10 

+ 14 
±13 
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LM101A, LM201A, LM301A 


TYPICAL CHARACTERISTICS 

(Vcc = +15 V, Vee = -15 V, T/\ = +25°C unless otherwise noted.) 


FIGURE 4 - MINIMUM INPUT VOLTAGE RANGE 


FIGURE 5 - MINIMUM OUTPUT VOLTAGE SWING 


APPLICABLE TO THE SPECIFIED 
OPERATING TEMPERATURE 
RANGES 


APPLICABLE TO THE SPECIFIED 
OPERATING TEMPERATURE 
RANGES 





Vcc and (-Vee), SUPPLY VOLTAGE (VOLTS) 


Vcc and (-Vee), supply voltages (volts) 


FIGURE 6 - MINIMUM VOLTAGE GAIN 


FIGURE 7 - TYPICAL SUPPLY CURRENTS 


00 








1 1 1 1 

_APPLICABLE TO THE SPECIFIED 



OPERATING TEMPERATURE 
RANGES 

iHI 








88 
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70 
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Vcc AND -Vee, supply voltages (VOLTS) 


FIGURE 8 - OPEN-LOOP FREQUENCY RESPONSE 




I, FREQUENCY (Hz) 


Vcc and (-Vee) supply voltage (volts) 


FIGURE 9 - LARGE-SIGNAL FREQUENCY RESPONSE 


II 91 


f, FREQUENCY (Hz) 














































Vqr, output voltage range (tVOLTS) V|r, Vor, VOLTAGE RANGE (*VOLTS) 


LM101A, LM201A, LIVI301A 


TYPICAL CHARACTERISTICS (continued) 

(Vcc = +15 V, Vee = -15 V, T/:^ = +2^C unless otherwise noted.) 

FIGURE 10 - VOLTAGE FOLLO)fl/ER PULSE RESPONSE FIGURE 11 - OPEN-LOOP FREQUENCY RESPONSE 




FIGURE 12 - LARGE-SIGNAL FREQUENCY RESPONSE 



FIGURE 13- INVERTER PULSE RESPONSE 
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TYPICAL COMPENSATION CIRCUITS 

FIGURE 14 - SINGLE-POLE COMPENSATION FIGURE 15 - FEEDFORWARD COMPENSATION 


R2 



Cs = 30 pF 


C2 
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ORDERING INFORMATION 


Device 

Temperature 

Range 

Package 

MLM107H 

-55°C to +125°C 

Metal Can 

MLM207H 

-25°C to +85°C 

Metal Can 

MLM307H 

0°C to tTO^C 

Metal Can 

MLM307N 

O'C to +70°C 

Plastic DIP 


INTERNALLY COMPENSATED 
MONOLITHIC OPERATIONAL AMPLIFIER 

A general purpose operational amplifier series well suited for 
applications requiring lower input currents than are available with 
the popular MCI 741. These improved input characteristics permit 
greater accuracy in sample and hold circuits and long interval 
integrators. 

• Internally Compensated 

• Low Offset Voltage; 2.0 mV max (LM107) 

• Low Input Offset Current: 10 nA max (LM107) 

• Low Input Bias Current: 75 nA max (LM107) 


TYPICAL APPLICATION 
HIGH IMPEDANCE BRIDGE AMPLIFIER 



CIRCUIT SCHEMATIC 


OPERATIONAL AMPLIFIER 
INTEGRATED CIRCUIT 



NCm apNC 

INVT INPUTC2^^]Vcc 
NONINVT INPUT [ D OUTPUT 

sB nC 


EQUIVALENT CIRCUIT 


7 
























LM107, LM207, LM307 


MAXIMUM RATINGS = +25°C unless otherwise noted.! 


Rating 

1 Symbol | 

LM107 

LM207 

LM307 

Unit 

Power Supply Voltages 

■D9I 

+22 

+22 

+ 18 

Vdc 



-22 

-22 

-18 


Differential Input Signal Voltage 

V|D 

±30 

±30 

±30 

Volts 

Common-Mode Input Swing (Note 1) 

V|CR 

±15 

±15 

±15 

Volts 

Output Short-Circuit Duration 

»0S 

1 Indefinite | 

Power Dissipation (Package Limitation) (Note 2) 

PD 

500 

500 

500 


Operating Temperature Range 

Ta 

-55 to +125 

-25 to +85 

0 to +70 

°C 

Storage Temperature Range 

Tstg 

-65 to +150 

-65 to +150 

-65 to +150 

°C 


ELECTRICAL CHARACTERISTICS (Ta = +25°C unless otherwise noted, see Note 3.) 


Characteristics 

Symbol 

LM107 

LM207 

LM307 



m 





Unit 

Input Offset Voltage 

|V|ol 

■ 



■ 

■ 

■ 

mV 

Rs<10kn, Ta = +25°C 



0.7 

20 



H 


Rs S10 kn, Ta = T|o„u to Thigh 









Rs<50kn, Ta = +25°C 




Bi 


20 



Rs< 50 kn, Ta = T|oy„ to Thigh 




■1 





Input Offset Current 

I'lol 




Bi 


Bi 

nA 

Ta = +25°C 



1 5 

10 

n 

30 

mm 


Ta " T|oyy to Thigh 



- 

20 


- 

BI 


Input Bias Current 

■iB 







nA 

Ta = +25°C 



30 

75 


70 

250 


Ta “ T|o„^i to Thigh 



- 

100 


- 

300 


Input Resistance 


nai 

40 

- 

mstm 

mm 

- 

EBPBI 

Supply Current 

'd 

■ 



■1 



mA 

Vs = ±20 V, Ta = +25°C 



1.8 

3.0 


- 

- 


Vs “±20 V, Ta = Thigh 



1.2 



- 

- 


Vs=±15V, Ta = +25°C 



- 

Bi 


1 8 

30 


Large-Signal Voltage Gain 




■1 



■ 

V/mV 

Vs = ±15 V, Vo = ±10 V, RL>2.0kn, Ta = +25°C 


50 

160 


25 

160 



V!c; = ±15 V, Vn = ±10 V, R[ >2 0kn. Ta = T(ow 


25 

_ 


15 

- 



Average Temperature Coefficient of Input Offset Voltage 

-i 

o 

< 







pV/°C 

T|ow^Ta< Thigh 


- 

30 

15 

- 

60 

30 


Average Temperature Coefficient of Input Offset Current 

rci,oi 

■jjjH 



IH 



nA/°C 

+25°C<Ta< Thigh 



0.01 

0.1 


0 01 

03 


T|ow<Ta^+25°C 



0.02 

0.2 


0.02 

0.6 


Output Voltage Swing (Ta = T|ov„ to Thigh) 

Vo 



n 




umi 

Vs = ±15 V, Rl = 10 kn 


±12 

±14 


±12 

+ 14 



Rl = 2.0 kn 


±10 

±13 


±10 

±13 


mm 

Input Voltage Range (Ta = Tio^y to Thigh) 

VinR 



HI 

■ 

■ 

■I 

B[^i 

Vs = ±20 V 


±15 

- 






Vs = ±15 V 


- 

- 






Common-Mode Rejection Ratio (Ta = Tjow *° Thigh) 

CMRR 







dB 

Rs<50 kn 


80 

96 

- 

70 

90 

- 


Supply-Voltage Rejection Ratio (Ta = Tjoy^ to Thigh) 

VSRR 







dB 

Rs<50kn 


80 

96 

- 

70 

96 

- 



Not* 1. Por supply voltages less than ±15 V, the absolute maxi¬ 
mum input voltage is equal to the supply voltage 
Note 2. For operating at elevated temperatures, the device must 
be derated based on a maximum junction temperature of 
+ 150°C for the LM107, and 100°C for the LM207 
and LM307. The TO-99 package Is derated based on 
a thermal resistance of+ 150®C/W, junction to ambient, 
or +45®C/W, junction to case. 


Note 3 Unless otherwise noted, these specifications apply for 
Tlow ’’’high 

±5 0 Vfi Vs ^+20 V, -550 CSTa^ +125°C,LM107 
±5.0 V<Vs<±20 V, -25 °C<Ta S +85°C, LM207 
+ 5.0 VS Vs <±15 V, 0 °C<Ta < +70°C, LM307 
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LM107, LM207, LM307 


TYPICAL CHARACTERISTICS 

(VCC = +15 V, Vee = -15 V, Ta = +25°C unless otherwise noted.) 


FIGURE 1 - MINIMUM INPUT VOLTAGE RANGE 



Vcc AND (-Vee), supply VOLTAGE (VOLTS) 



VcC AND (-Vee). supply voltages (VOLTS) 



Vcc and (-Vee), supply voltages (volts) 



Vcc and (-Vee), supply voltages (volts) 


FIGURE 5 - OPEN-LOOP FREQUENCY RESPONSE 




10 It 10 It 100 k 1.0 M 10 M 

f, frequency (Hz) 
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PRECISIOM OPERATIONAL AMPLIFIERS 

The LM108/LM208/LM308 Series operational amplifiers provide 
high input impedance, low input offsets and temperature drifts, 
and low noise. These characteristics are made possible by use of a 
special Super Beta processing technology. This series of amplifiers is 
particularly useful for applications where high-accuracy and low- 
drift performance are essential. In addition high-speed performance 
may be improved by employing feed-forward compensation tech¬ 
niques to maximize slew rate without compromising other perfor¬ 
mance criteria. 

The LM108A/LM208A/LI\/1308A Series offers extremely low 
input offset voltage and drift specifications allowing usage in even 
the most critical applications without external offset nulling. 

• Operation From a Wide Range of Power Supply Voltages 

• Low Input Bias and Offset Currents 

• Low Input Offset Voltage and Guaranteed Offset Voltage Drift 

Performance 

• High Input Impedance 

• Laser Trimmed and Ion Implanted 


FREQUENCY COMPENSATION 


STANDARD COMPENSATION 


MODIFIED COMPENSATION 




STANDARD FEEDFORWARD 
COMPENSATION 


FEEDFORWARD COMPENSATION FOR 
DECOUPLING LOAD CAPACITANCE 




DEVICE SELECTION TABLE 


OPERATING TEMPERATURE RANGE 


STANDARD 
OFFSET VOLTAGE 
SPECIFICATION 


TIGHTENED 
OFFSET VOLTAGE 
SPECIFICATION 


-55 to ■H25°C 

-25 to -P85°C 

0 to +70°C 

LM108 

LM208 

LM308 

Pkg. Suffix 

Pkg. Suffix 

Pkg Suffix 

LM108A 

LM208A 

LM308A 

Pkg. Suffix 

Pkg. Suffix 

Pkg. Suffix 


LM108,LM108A 

LM208,LM208A 

LIVI308,LM308A 


LASER TRIMMED 
SUPER GAIN 

OPERATIONAL AMPLIFIERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


H SUFFIX 

METAL PACKAGE 




J SUFFIX 

CERAMIC PACKAGE 
CASE 632-02 
TO-116 


NC 1 
COMPEN A 2 
•GUARD 3 



•GUARD 6 
Vee r 


N SUFFIX 

PLASTIC PACKAGE 
CASE 626 
(LM308 only) 



14 NC 
13 NC 

12 COMPEN B 

11 Vcc 
10 OUTPUT 
9 NC 




7 Vcc 

6 OUTPUT 
5 NC 



D SUFFIX 

CERAMIC PACKAGE 
CASE 693 


*Unused pin (no internal connection) to 
allow for input anti-leakage guard ring on 
printed circuit board layout. 


n.oy 
































LIVilOS, A; LM208, A; LM308, A 


MAXIMUM RATINGS (T^ = +25°C unless otherwise noted ) 


Rating 

Symbol 

VALUE 

Unit 

LM108, LM108A 

LM208, LM208A 

LIVI308, LM308A 

Power Supply Voltage 

vcc- vee 

±20 

±20 

±18 

Vdc 

Input Voltage (See Note 1) 

V| 

-+15-► 

Volts 

Input Differential Current (See Note 2) 

l|D 

-+10- 

mA 

Output Short-Circuit Duration 

*S 

- Indefinite-► 


Operating Ambient Temperature Range 

Ta 

-55 to +125 

-25 to +85 

0 to +70 

°C 

Storage Temperature Range 

^stg 

-65 to +150-► 

°C 

Junction Temperature 

Tj 





Metal.Ceramic Package 



-+175 - 



Plastic Package 





HH 


Note 1. For supply voltages less than ±15 V, the maximum input voltage is equal to the supply voltage 

Note 2, The inputsare shunted with back-to-back diodes for over-voltage protection. Therefore, excessive current will flow if a differential input 
voltage in excess of 1.0 V is applied between the inputs unless some limiting resistance is used. 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted these specifications apply for supply voltages of -tS 0 V <Vcc <+20 V 
_and -5.0 V>Vee >-20 V,Ta = +25°C )_ 


Characteristic 

Symbol 

LM108A 

LM208A 

LM108 

LM208 

Unit 


Typ 



Typ 


Input Offset Voltage 

V|0 

- 

03 

05 

- 

07 

2 0 

mV 

Input Offset Current 

•lO 

- 

0 05 

02 

- 


02 

nA 

Input Bias Current 

•iB 

- 

08 

2,0 

- 

0.8 

20 

nA 

Input Resistance 


30 

70 

- 

30 

70 

- 

Megohms 

Power Supply Currents 

Vcc = +20 V, Vee = -20 V 

•cc.'ee 

- 

±0 3 

±0 6 

- 

±0.3 

±0 6 

mA 

Large Signal Voltage Gam 

Vcc = |VeeI = +15 V, Vo = ±10V, RL^IOkn 

AvOL 

80 

300 


50 

300 


V/mV 


The following specifications apply over the operating temperature range. 


Input Offset Voltage 

V|0 

- 

- 

1 0 

- 

- 

30 

mV 

Input Offset Current 

'lO 

- 

- 

04 

- 

- 

04 

nA 

Average Temperature Coefficient of 

Input Offset Voltage 

T/^(min) <T/^ ^T/^lmax) 

AV|o/AT 

■ 

1 0 

■ 

■ 

30 

15 

mV/°C 

Average Temperature Coefficient of 

Input Offset Current 

AIjq/AT 

- 

05 

■ 

- 

05 

■ 

pA/°C 

Input Bias Current 

•iB 

- 

- 


- 

- 


nA 

Large Signal Voltage Gain 

Vcc = |VeeI = +15 V, Vo = ±10V, Rl= lOkn 

avol 

40 

- 

- 

25 

- 

- 

V/mV 

Input Voltage Range 

VCC= |Vee| = +15 V 

V|R 

±135 

— 

- 

±13 5 

- 

■ 

V 

Common-Mode Rejection Ratio 

CMRR 

96 

110 

- 

85 

100 

- 

dB 

Power Supply Voltage Rejection Ratio 

PSSR 

mm 

100 

- 

80 

96 

- 

dB 

Output Voltage Range 

Vcc = |VeeI = +15 V, Rl = lOkn 

VOR 

±13 

±14 

- 

±13 

±14 

- 

V 

Supply Current (T/\ = T/\ [max]) 

'cc.'ee 

- 

±0 15 

±04 

- 

±0 15 


mA 
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LIVI108, A; LM208, A; LM308, A 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted these specifications apply for supply voltages of +5.0 V ^Vqq ^+15 V 

and -5.0 V > Vee > -15 V,Ta = +25°C.) 


Characteristic 


Input Offset Voltage 


Input Offset Current 


Input Bias Current 


Input Resistance 



Power Supply Currents 

Vcc = +15 V, Vee = -15 v 

ICC-'EE 

- 

±0.3 

±0.8 

- 

±0.3 

Large Signal Voltage Gain 

AvOL 

80 

300 

■BH 

25 

300 


Vcc = +15V, Vee = -15 V,Vo=±10V, 
RL>10kn 


The following specifications apply over the operating temperature range 


Input Offset Voltage 


Input Offset Current 


Average Temperature Coefficient of 
Input Offset Voltage 
TA(min) <Ta ^TA(max) 


Average Temperature Coefficient of 
Input Offset Current 


Input Bias Current 
Large Signal Voltage Gain 
Vcc = +15 V, Vee = -15 V, Vo = ±10 V, 
RL>10kn 


Input Voltage Range 

Vcc “ +15 V, Vee = -is v 


Common-Mode Re/ection Ratio 
RS <50 ka 


Supply Voltage Rejection Ratio 
Rs <50 kn 


Output Voltage Range 

Vcc = +15 V, Vee = -is v, Rl = io kn 


Unit 


mV 


nA 


nA 


Megohms 


mA 



























































































LM108, A; LM208, A; LM308, A 


TYPICAL CHARACTERISTICS 




-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 

T,TEMPERATURE (06) 


FIGURE 2 - MAXIMUM EQUIVALENT INPUT OFFSET 
VOLTAGE ERROR versus INPUT RESISTANCE 



r,, INPUT RESISTANCE (OHMS) 


FIGURE 3 - VOLTAGE GAIN versus SUPPLY VOLTAGES 



0 SO 10 15 20 

Vcc = IVeeI. supply VOLTAGES (VOLTS) 


FIGURE 5 - OPEN-LOOP FREQUENCY RESPONSE 



1.0 10 100 10k 10 k 100 k 1.0 M 10 M 100 M 

(.FREQUENCY (Hz) 


FIGURE 4- POWER SUPPLY CURRENTS versus POWER 
SUPPLY VOLTAGE 



0 5 0 10 15 20 

Vcc = IVEEI. supply voltages (VOLTS) 



10k 10 k 100 k 1.0 M 

f, FREQUENCY (Hz) 
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LM108, A; LM208, A; LM308, A 


SUGGESTED DESIGN APPLICATIONS 

FIGURE 7 - FAST (1) SUMMING AMPLIFIER WITH LOW 

INPUT CURRENT FIGURE 8 - SAMPLE AND HOLD 




INPUT GUARDING FIGURE 9 - SUGGESTED PRINTED CIRCUIT BOARD 

Special care must be taken in the assembly of printed circuit LAYOUT for INPUT GUARDING USING METAL 

boards to take full advantage of the low input currents of the PACKAGED DEVICE 

LM108, A amplifier series. Boards must be thoroughly cleaned 
with TCE or alcohol and blown dry with compressed air. After 
cleaning, the boards should be coated with epoxy or silicone 
rubber to prevent contamination. 

Even with properly cleaned and coated boards, leakage currents 
may cause trouble at +125°C, particularly since the input pins are 
adjacent to pins that are at supply potentials. This leakage can be 
significantly reduced by using guarding to lower the voltage dif¬ 
ference between the inputs and adjacent metal runs. Input guarding 
of the 8-lead TO-99 type package is accomplished by using a 10- 
lead pin circle, with the leads of the device formed so that the 
holes adjacent to the inputs are empty when it is inserted in the 
boards. The guard, which is a conductive ring surrounding the in¬ 
puts, IS connected to a low-impedance jaoint that is at approxi¬ 
mately the same voltage as the inputs. Leakage currents from high- 
voltage pins are then absorbed by the guard 

The pin configuration of the dual in-line package is designed 
to facilitate guarding, since the pins adjacent to the inputs are not 
used (this is different from the standard MC1741 and LM101A 
pm configuration). 




LM108, A 
Series 


LMIOIAO) 
or equiv 


: 300 pF -i- 


(1) Power Bandwidth: 

250 kHz 

Small Signal Bandwidth: 
3.5 MHz 

Slew Rate: 10 V/ps 

(2) C5 = ®i^ 

R1 


(3) In addition to increasing speed, 
the LM101A raises high and 
low frequency gain, increases 
output drive capability and elim¬ 
inates thermal feedback. 


FIGURE 10 - CONNECTION OF INPUT GUARDS 












LM124,LM224, 

LM324,LM2902 


Specifications and Applications 
Information . 


QUAD LOW POWER OPERATIONAL AMPLIFIERS 

The Ll\/I124 Series are low-cost, .quad operational amplifiers 
with triie differential inputs. These have several distinct advantages 
over standard operational amplifier types in single supply applications. 
The quad amplifier can operate at supply voltages as low as 3.0 Volts 
oriaS high as 32 Volts with quiescerit currents about one fjfth of 
those associated with the MCI 741 (bn a per arnplifier basis). The 
common mode input range includes the negative supply, thereby 
' eliminating the necessity for external biasing components in many 
applications. The output voltage range also includes the negative 
power supply voltage. 

• Short Circuit Protected Outputs 

• True Differential Input Stage - ■ 

• Single Supply Operation: 3.0 to 32 Volts 

• Low Input Bias Currents: 250 nA Max 

• Four Amplifiers Per Package . , 

• Internally Compensated , 

• Common Mode Range Extends to Negative Supply 

• Industry Standard Pinouts 


QUAD DIFFERENTIAL 
INPUT 

OPERATIONAL AMPLIFIERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



J SUFFIX 

CERAMIC PACKAGE 
CASE 632 
TO-116 



N SUFFIX ,4| 
PLASTIC PACKAGE 
CASE 646 

(LM224, LM324, LM2902 only) 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 


LM124 

LM224 

LM324 


Rating 

Symbol 

Power Supply Voltages 

Single Supply 

Split Supplies 

Vcc 

vcc>V ee 

Input Differential Voltage Range (11 

V|OR 

Input Common Mode Voltage Range (2) 

V|CR 

Input Forward Current (3) 

(V|<-0.3V) 

'IF 

Output Short Circuit Duration 

*S 

Junction Temperature 

Ceramic and Metal Packages 

Plastic Package 

Tj 

Storage Temperature Range 

Ceramic and Metal Packages 

Plastic Package 

Tstg 

Operating Ambient Temperature Range 
LM124 

LM224 

LM324 

LM2902 

:^A 



—65 to +150 
-55 to+125 



(DSplit Power Supplies 

(2) For Supply Voltages less than 32 V for the LM124/224/324 and 26 V tor the LM2902, 
• the absolute maximum input voltage is equal to the supply voltage. 

(3) This input' current will only exist when the voltage is negative at any of the input leads. 
Normal output states will reestablish when the input voltage returns to a voltage greater 
than -0.3 V. 



ORDERING INFORMATION 


Device 


LM124J 


LM2902J 


LM2902N 


LM224J 


LM224N 


LM324J 


Temperature Range 


-55to+125°C 


-40 to +85"C 


-40 to +85°C 


-25 to +85°C 


-25 to +R5°C 


0 to +70^C 


0to+70°C 


Package 


Ceramic DIP 


Ceramic DIP 


Plastic DIP 


Ceramic DIP 


Plastic DIP 


Ceramic DIP 


Plastic DIP 
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LM124, LM224, LM324, LM2902 


ELECTRICAL CHARACTERISTICS (Vcc “ 5.0 V, Vee “ Ta “ 25°C unless otherwise noted) 


Characteristic 

Symbol 

Input Offset Voltage 

Vcc “ 5.0 V to 30 V (26 V for LM2902). 

V|c - 0 V to Vcc - 1.7 V, Vq = 1.4 V, Rs - 0 n 

Ta ■ 25°C 

Ta ® Thigh *0 "Clow (Mole 1) 

V|0 

Average Temperature Coefficient of Input Offset Voltage 

Ta “ Thigh 1° T|ow (Note 1) 

AV|o/AT 

Input Offset Current 

Ta “ Thigh 1° T|ow (Note 1) 

•10 

Average Temperature Coefficient of Input Offset Current 

Ta “ Thigh T|ovv (Note 11 

AI|o/AT 

Input Bias Current 

Ta “ Thigh to T(Note 1) 

)|8 

Input Common-Mode Voltage Range (Note 21 

Vcc = 30 V (26 V for LM2902I 

Vcc = 30 V (26 V for LM2902), Ta = Thigh w T|ow 

V|CR 

Differential Input Voltage Range 

V|DR 

L^rge Signal Open-Loop Voltage Gain 

Rl “ 2.0 kn, Vcc “15 V, For Large Vq Swing, 

Ta ' Thigh 10 T|o,y (Note 1) 

AvOL 

Channel Separation 

1.0 kHz < f < 20 kHz, Input Referenced 

“ 

Common.Mode Rejection Ratio 

Rs <10 kn 

CMRR 

Power Supply Rejection Ratio 

PSRR 

Output Voltage Range 

Rl = 2 kn (Rl > 10 kn for LM2902), 

VOR 

Output Voltage-High Limit (Ta = Thigh *0 TjowKNote 1) 
Vcc * 30 V (26 V for LM2902I, Rl = 2 kn 

Vcc “ 30 V (26 V for LM2g02), Rl = 10 kn 

VOH 

Output Voltage-Low Limit 

Vcc ' 5.0 V. Rl “ 10 kn. Ta = Th.gh to Tiow (Note 11 

VoL 

Output Source Current (V|q = +1.0 V, Vcc “ 15 VI 

Ta = 25°C 

Ta= Thigh to T|ow(Note1| 

' 0 + 

Output Sink Current 

V|D = -1.0V, Vcc = 15V 

Ta = 25°C 

Ta “ Thigh to T(ovv (Note 1) 

V|D “ -1.0 V, Vo = 200 mV, Ta = 25°C 

' 0 - 

Output Short Circuit to Ground (Note 31 

*os 

Power Supply Current (Ta = Thigh to TjowKNote 11 

Vcc = 30 V (26 V for LM2902), Vq “ 0 V, Rl “ « 

Vcc = 5 V, Vo =0 V, Rl = “ 

•cc 



mV 


20 40 

10 20 







NOTES: 

(1) == -55°C for LM124 Thigh = +125'’C for LM124 0.3 V. The upper end of the common-mode voltage range 

=-40°C for LM2902 =■ + 85°C for LM2902 '» ^cc either or both inputs can go to 132 V 

= -25°C for LM224 and LM224 without damage ( + 26 V for LM2902). 

= 0°C for LM324 = + 70°C for LM324 (3) Short circuits from the output to Vqq can cause excessive 

(2) The input common-mode voltage or either input signal heating and eventual destruction Destructive dissipation 

voltage should not be allowed to go negative by more than can result from simultaneous shorts on all amplifiers. 
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LM124, LM224, LM324, LM2902 


REPRESENTATIVE CIRCUIT SCHEMATIC 


Bias Circuitry 



LARGE SIGNAL VOLTAGE 
FOLLOWER RESPONSE 



5 0 ms/Div 


CIRCUIT DESCRIPTION 

The LM124 Series is made using four internally com¬ 
pensated, two-stage operational amplifiers The first stage 
of each consists of differential input devices Q20 and 
Q18 with input buffer transistors Q21 and Q17 and 
the differential to single ended converter Q3 and Q4 
The first stage performs not only the first stage gain 
function but also performs the level shifting and trans¬ 
conductance reduction functions. By reducing the trans¬ 
conductance a smaller compensation capacitor (only 5 pF) 
can be employed, thus saving chip area The transcon¬ 
ductance reduction is accomplished by splitting the col¬ 
lectors of Q20 and Q18 Another feature of this input 
stage is that the input common-mode range can include 
the negative supply or ground, in single supply operation, 
without saturating either the input devices or the dif 
ferential to single-ended converter. The second stage con¬ 
sists of a standard current source load amplifier stage 

Each amplifier is biased from an internal-voltage regu¬ 
lator which has a low temperature coefficient thus giving 
each amplifier good temperature characteristics as well as 
excellent power supply rejection. 
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ICC. POWER SUPPLY CURRENT (mA) Vqr. OUTPUT VOLTAGE RANGE (Vp.p) ±Vi, INPUT VOLTAGE (VOLTS) 



























LIVI124, LM224, LM324, LM2902 


APPLICATIONS INFORMATION 


FIGURE 7 - VOLTAGE REFERENCE 


FIGURE 8 - WIEN BRIDGE OSCILLATOR 



•Vc 


Vo = 2 5 V(1 *■ —) 



)r tg = 1 kHz 
R “ 16 kn 
C = 0 01 iuF 


FIGURE 9 - HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER 


FIGURE 10 - COMPARATOR WITH HYSTERESIS 





''■"I- ' Ri R2 '''OL - Vref) + Vref 

= fVOH - Vreil + Vref 


FIGURE 11 - BI-QUAD FILTER 



For f_ •= 1 kHz 


INotchOutput R>l60kn 
C “ 0.001 mf 


RI - 1.6 MO 

Where Tqp • Center Frequency Gain R2»1.6Mn 
T^ ™ Patsband Notch Gain k ^ g |y |0 





LM124, LM224, LM324, LIVI2902 


APPLICATIONS INFORMATION (continued) 


FIGURE 12 - FUNCTION GENERATOR 


FIGURE 13 - MULTIPLE FEEDBACK BANDPASS FILTER 



Choose Value C 
Then 


R3 

R1 

R2 


Q 

n to C 
R3 

2 A(fo) 

R1 R3 

4q2 R1 - R3 


For less than 10% error from operational amplifier 

? <0.1 Where fn and BW are expressed in Hz 

tf source impedance varies, fitter may be preceded with voltage 
follower buffer to stabilize filter parameters. 



LM158, LM258, 
LM358, LM2904 


Specifica^tions and Applications 
Information 


DUAL LOW POWER OPERATIONAL AMPLIFIERS 

Utilizing the circuit designs perfected for recently introduced 
Quad Operational Amplifiers, these dual operational amplifiers 
feature 1) low power drain, 2) a common mode input voltage range 
extending to ground/VgE, 3) Single Supply or Split Supply operation 
and 4) pm outs compatible with the popular MC1558 dual operational 
amplifier. The LM158 Series is equivalent to one-half of an LM124. 

These amplifiers have several distinct advantages over standard 
operational amplifier types in single supply applications. They can 
operate at supply voltages as low as 3.0 Volts or as high as 32 Volts 
with quiescent currents about one-fifth of those associated with the 
MC1741 (on a per amplifier basis). The common mode input range 
includes the negative supply, thereby eliminating the necessity for 
external biasing components in many applications. The output voltage 
range also includes the negative power supply voltage. 

• Short Circuit Protected Outputs 

• True Differential Input Stage 

• Single Supply Operation: 3.0 to 32 Volts 

• Low Input Bias Currents 

• Internally Compensated 

• Common Mode Range Extends to Negative Supply 

• Single and Split Supply Operation 

• Similar Performance to the Popular MCI 558 


Rating 

Symbol 

Power Supply Voltages 

Single Supply 

Split Supplies 

Vcc 

Vcc. Vee 

Input Differential Voltage Range (1) 

V|DR 

Input Common Mode Voltage Range (2) 

V|CR 

Input Forward Current (3) 

(V| < -0.3 V) 

'IF 

Output Short Circuit Duration 

<S 

Junction Temperature 

Ceramic and Metal Packages 

Plastic Package 

Tj 

Storage Temperature Range 

Ceramic and Metal Packages 

Plastic Package 

^stg 

Operating Ambient Temperature Range 
LM158 

LM258 

LM358 

LM2904 

Ta 



(1 )Split Power Supplies 

(2) For Supply Voltages less than 32 V for the LM158/258/358 and 26 V for the LIVI2904, 
the absolute maximum input voltage is equal to the supply voltage. 

(3) This input current wiil only exist when the voltage is negative at any of the input leads. 
Normal output states will reestablish when the input voltage returns to a voltage greater 
than -0.3 V. 


DUAL DIFFERENTIAL 
INPUT 

OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



H SUFFIX 
METAL PACKAGE 
CASE 601 



V £ g/Gnd 
(Top View) 


J SUFFIX 

CERAMIC PACKAGE 
CASE 693 



N SUFFIX 
PLASTIC PACKAGE 
CASE 626 

(LM258, LM358, LM2904 only) 


Output A 

If? 



8j Vcc 
71 Output B 


ORDERING INFORMATION 


Temperature 

Range 


55 to -H25°C 



LM2904H 


LM2904J 


LM2904N 


LM258H 


LM258J 


LM258N 


LM358H 


LM358J 


LM358N 


Package 


Metal Can 


Ceramic DIP 


Metal Can 


Plastic DiP 


Metai Can 


Ceramic DIP 


Plastic DIP 


Metal Can 


Ceramic DIP 


Plastic DIP 
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LM158, LIVI258, LM358, LIVI2904 


ELECTRICAL CHARACTERISTICS (Vqq = 5.0 V, N/gg =• Gnd, T/^ “ 25°C unless otherwise noted) 



3 


NOTES: 

T|Qyy = -55°C for LM158 Th,gh = + ■'25°C for LM158 0 3 V. The upper end of the common mode voltage range 

= -40®C for LM2904 *= +85®C for LM2904 is Vqc -1-7 V, but either or both inputs can go to +32 V 

= -25°C for LM258 and LM258 without damage ( + 26 V for LM2904). 

= 0°C for LM358 = +70®C for LM358 ( 3 ) Short circuits from the output to Vqc cause excessive 

(2) The input common-mode voltage or either input signal heating and eventual destruction Destructive dissipation 

voltage should not be allowed to go negative by more than can result from simultaneous shorts on all amplifiers 
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1 V/Div. 


LM158, LM258, LIVI358, LM2904 


REPRESENTATIVE CIRCUIT SCHEMATIC Circuitry 



LARGE SIGNAL VOLTAGE 



s.o«it/oiv. 


CIRCUIT DESCRIPTION 

The LM158 Series is made using two internally com¬ 
pensated, two-stage operational amplifiers. The first stage 
of each consists of differential input devices Q20 and 
Q18 with input buffer transistors Q21 and Q17 and 
the differential to single ended converter Q3 and Q4. 
The first stage performs not only the first stage gain 
function but also performs the level shifting and trans¬ 
conductance reduction functions. By reducing the trans¬ 
conductance a smaller compensation capacitor (only 5 pF) 
can be employed, thus saving chip area. The transcon¬ 
ductance reduction is accomplished by splitting the col¬ 
lectors of Q20 and Q18. Another feature of this input 
stage is that the input common-mode range can include 
the negative supply or ground, in single supply operation, 
without saturating either the input devices or the dif¬ 
ferential to single-ended converter. The second stage con¬ 
sists of a standard current source load amplifier stage. 

Each amplifier is biased from an internal-voltage regu¬ 
lator which has a low temperature coefficient thus giving 
each amplifier good temperature characteristics as well as 
excellent power supply rejection. 
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ICC.POWER SUPPLY CURRENT M) Vqr. OUTPUT VOLTAGE RANGE (V^p) V,, INPUT VOLTAGE (VOLTS) 










































R2 

1 - WN, -i 


\c 

LM358^>-0-h 

• 

Vref 

R2 

-W 

y— 



>J Cl - 10 C 

For fg - 1 kHz 
Q - 10 

Tbp * 1 
Tn- 1 


;>OH*-It- —• Notch Output R - 160 kn 

C “ 0.001 MF 
R1 “ 1.6 Mn 

Where Tgp “ Center Frequency Gain R2 - 1.6 Mfl 
Tn - Pasiband Notch Gain R3-1.6Mn 



LM158, LM258, LIVI358, LIVI2904 


APPLICATIONS INFORMATION (continued) 

FIGURE 12 - FUNCTION GENERATOR 



Rf 

r .f = 

4 CRf R1 R2 + R1 

FIGURE 13 - MULTIPLE FEEDBACK BANDPASS FILTER 



Given fg ~ Center Frequency 

A(fg) « Gam at Center Frequency 


Choose Vatue fg. C 
Then 


R3 = 


R1 = 

R2 = 


Q 

R3 

2 A(fgj 

R1 R3 

4q2 R1 - B3 


For less than 10% error from operational amplifier 

° ° <0.1 Where f- end BW are expressed in Hz. 

BW 

If source impedance varies, filter may be preceded with voltage 
follower buffer to stabilize filter parameters 
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DIFFERENTIAL OUTPUT OPERATIONAL AMPLIFIER 

A wide-band, general-purpose operational amplifier which features 
both differential inputs and outputs. Open loop gain is approximately 
3000 V/V but may be adjusted with external feedback components. 
This device is particularly useful in applications which require 
differential outputs. 

• Differential Input and Differential Output 

• Wide Closed-Loop Bandwidth; 10 MHz 

• Differential Gain; 70 dB 

• High Input Impedance; 2.0 Megohms: 

• Low Output Impedance; 50 ohms 


OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



MAXIMUM RATINGS (Ta =*25°C unless otherwise iiotedi 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

+8.0 

Vdc 


Vee 

-8.0 


Differential Input Signal 

V(n 

±8.0 

Vdc 

Load Current 

'Ll, 'L2 

15 

mA 

Power Dissipation (Package Limitation) 

Pd 



Metal Package 


680 

mW 

Derate above Ta = ■r25°C 


4.6 

mW/°C 

Flat Package 


500 

mW 

Derate above Ta = +25°C 


3.3 

mW/°C 

Operating Temperature Range MC1520 

Ta 

-55 to +125 

“C 

MCI420 


0 to + 75 


Storage Temperature Range 

Tstg 

-65 to +150 

°C 



F SUFFIX 

CERAMIC PACKAGE 
CASE 606 
(TO-91) 


FIGURE 1 - CIRCUIT SCHEMATIC 

COMPENSATION VCC 

CIO OC3 C«0 C2 0 9 



TSk IITSk 




(TOP VIEW) 

G SUFFIX 
METAL PACKAGE 
CASE 603 
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MCI420, MCI520 


SINGLE-ENDED ELECTRICAL CHARACTERISTICS 


(Vcc ~ +6 0Vdc,VgE=-60Vdc,T/^ = t 25°C unles s otherwise noted I 



1 MC1520 

MC1420 


Characteristic 

Symbol 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Open Loop Voltage Gam 


1000 

1500 

_ 

750 

1500 

- 

V/V 

(Tiow ® ^ TA<Th,gh ® ) 


60 

64 

- 

- 

64 

- 

dB 

Output Impedance 

^OS 







ohms 

(f = 20 Hz) 


- 

50 

100 

- 

50 

- 


Input Impedance 

^IS 







megohms 

(f = 20 Hz) 


0.5 

2.0 

- 

- 

2.0 

- 


Output Voltage Swing 

Vo 

±3.5 

±4.0 

- 

±3.0 

±4.0 

- 

Vpeak 

(Rl = 7.0 kfZ(Figure81) 








Input Common-Mode Voltage Swing 

V|CR 

±2.0 

±3.0 

- 

- 

±3 0 

- 

Vpeak 

Common-Mode Rejection Ratio 

CMRR 

75 

90 

- 

60 

90 

- 

dB 

Input Bias Current 

'IB 







pA 

([l|B=-^^4^].TA=+25°cj 

- 

0.8 

2 0 

- 

2.0 

40 


Input Offset Current 

I'lOl 







nA 

(l|0 = h - l2> 



30 

100 


30 

200 


(l|0 = <1 - l2. Ta = T(ow) 



- 

200 


- 

- 


(l|0 = h - l2.'rA “Thigh* 



- 

200 


- 

- 


Input Offset Voltage 

|V|0l 







mV 

(Ta = + 25OC) 


- 

5.0 

10 

- 

50 

15 


Step Response 









/ Gain = 1.0,10% Overshoot 

'THL 

— 

80 

— 

— 

80 

— 

ns 

1 Ri = lOkSZ 

tPLH-'PHL 

- 

70 

- 

- 

70 

- 

ns 

•f R2 = lOkfZ 

I R3 = 5.0 ka 
\ Cs = 39 pF 

dVout/dt 0 


5.0 



5.0 


V/ps 

/ Gain = 10, 10% Overshoot 

ITHL 

_ 

80 

_ 

- 

80 

- 

ns 

1 Rj = lOkn 

«PLH.*PHL 

- 

70 

- 

- 

70 

- 

ns 

{ R2 = 100 kn 

1 R3 = 10 ka 

V Cs= lOpF 

dVout/dt 0 


15 



15 


V/ps 

/ Gam = 100, No Overshoot 

*THL 

- 

80 

- 

- 

80 

- 

ns 

1 Ri = I.Oka 

tPLH-'PHL 

- 

70 

— 

- 

70 

- 

ns 

{ R2 = 100ka 
) R3 = 1 0 ka 

V Cs = I.OpF 

dVout/dt ® 


30 



30 


v/ps 

/ Open Loop, No Overshoot 

»THL 

- 

180 

- 

- 

180 

- 

ns 

j Rl = 50 a 

*PLH-*PHL 

— 

70 

— 

- 

70 

- 

ns 

■f R2 = 00 
) R3 = 50 a 

V Cj = 0 

dVout/dt 0 


35 



35 


v/ps 

Bandwidth: 

— 







|BAUgB 

(Open Loop!Figure 4)) 



2.0 

- 


2.0 



(Closed Loopl Unity Gam)) 



10 

- 


10 



(Figure 5) 





im 


UBI 


Input Noise Voltage (Open Loop) 

Vn(m) 







pV(rms) 

(5.0 Hz-5.0 MHz) 


- 

11 

15 

- 

11 

- 


Average Temperature Coefficient of 

AV id/AT 








Input Offset Voltage 

(RS = 50 a, Ta = T|ow to Thigh) 


■1 

2.0 

- 

- 

2.0 


B 

DC Power Dissipation 

Pd 







mW 

0 

0 

> 


- 

120 

240 

- 

120 

240 


Power Supply Sensitivity 

s± 







pV/V 

(Vn = 0) 


- 

250 

450 

- 

250 

- 



0 dVout/dt = Slew Rate @ T|ow = 0°C for MC1420, T^igh " tV5°C for MC1420 

-55°C for MC1520 + 125°C for MC1520 


3-45 





































































































MC1420, IVIC1520 


DIFFERENTIAL ELECTRICAL CHARACTERISTICS 

(Vcc =+6 0 Vdc, = -6.0 Vdc, = +25°C. unless otherwise noted.) 



MC1520 

MC1420 


Characteristic 

Symbol 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Gain 

(Open Loop) 

Avol 

2000 

66 

3000 

70 

_ 

1500 

64 

3000 

70 

- 

V/V 

dB 

Input Impedance 
(f = 20 Hz) 

zid 

0.5 

2.0 



2.0 


megohms 

Output Impedance 
(f = 20 Hz) 

Zod 


100 

200 


100 


ohms 

Common-Mode 

Output Voltage 

VO(CM) 

-0.5 

0 

+0.5 


0 


Vdc 

Output Voltage Swing 
(RL = 7.0kn) 

Vq 

±7.0 

±8.0 


±6.0 

±8.0 


'^peak 


TYPICAL CHARACTERISTICS 

(Vcc = Vdc, Vee = -6 0 Vdc, T/\ = +25°C unless otherwise noted.) 


TEST CIRCUIT 


FIGURE 2 - LARGE SIGNAL SWING 
versus FREQUENCY 



0 1 1 0 10 100 1000 10.000 
1, FREQUENCY (kHz) 



01 1 0 10 100 1000 10.000 


INVERTING 


NON INVERTING 



OUT1 

OUT2 


FIGURE 

NO 

CURVE 

NO 

MODE 

VOLTAGE 

GAIN 

TEST CONDITIONS 

NOISE 

OUTPUT 

mV Irnwl 






■■ 

INVERTING 

100 

1 0 k 

100 k 

1 Ok 

1 0 

20 



INVERTING 

10 

IQk 

100k 

10 k 

10 

0 55 



INVERTING 

1 0 

10 k 

10 k 

50k 

39 

0 17 


H 

NON INVERTING 

1 0 


lOk 

10k 

39 

0 17 


■■ 

NON INVERTING 

Ayol 

■9 

O 

B 

1 0 

m 



NON INVERTING 

Ayol 



klI 

10 


H 


NON INVERTING 

Ayol 

II 

B 

B 

39 

mm 

__ 


NON INVERTING 

100 

100 

10 k 

100 

1 0 

20 



NON INVERTING 

10 

lOk 

9 1 k 

910 

10 

0 55 


WM 

NON INVERTING 

1 0 

OO 

10k 

10k 

39 

017 


FIGURE 4 - CLOSED LOOP VOLTAGE GAIN 
versus FREOUENCY 



1 0 10 100 1000 10,000 100,00 


f, FREQUENCY (kHz) 


f, FREQUENCY (kHz) 






















































































































Vo, OUTPUT VOLTAGE (Vp_p) Po. POWER DISSIPATION (mW) 


MC1420, MCI 520 




































ORDERING INFORMATION 


MC1430F,1431F 
MC1430G,1431G 
MCI 430P,1431P 
MC1530F.1531F 
MC1530G,1531G 


Temperature Range 

0°C to +70°C 
O^C to +70°C 
0°C to +70“C 
-SS'C to +125“C 
-55°C to +125°C 


Package 
Ceramic Flat 
Metal Can 
Plastic DIP 
Ceramic Flat 
Metal Can 


MC1430, IVIC1431 
MC1530, MCI 531 


OPERATIONAL AMPLIFIER 

. . . designed for use as a summing amplifier, integrator, or amplifier 
with operating characteristics as a function of the external feedback 
components. 

The MC1531 (MC1431) is provided with Darlington inputs to in¬ 
crease input impedance; otherwise the MC1531 (MC1431) circuit is 
identical with the MC1530 (MC1430) circuit. 

• High Open Loop Voltage Gain — 4500 min (MC1530) 

- 2500 min (MC1531) 

• High Input Impedance — 10 Kilohms min (MC1530) 

— 1.0 Megohm min (MC1531) 

• Low Output Impedance — 50 Ohms max 

• High Slew Rate - 6.0 V//is typ @ Avs = 10 

• High Open Loop Bandwidth — 2.0 MHz typ {MC1530) 

0.4MHztyp (MC1531) 


MAXIMUM RATINGS (T/^ = 25°C unless otherwsie noted) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage MC1530, MC1531 

Vcc.V ee 

+9.0, -9.0 

Vdc 

(VIC1430, (VIC1431 

Vcc.V ee 

+8.0, -8.0 



Differential Input Voltage Range 

V|DR 

+ 5.0 

Volts 

Load Current 

II 

10 

mA 

Power Dissipation (Package Limitation) 

Pd 




Metal Package 


680 

mW 

Derate above T/\ = +25°C 


4.6 

mW/°C 

Flat Package 


500 

mW 

Derate above T/^ = +25°C 


3.3 

mW/°C 

Dual In-Line Plastic Package 





MC1430, MC1431 


400 

mW 

Derate above •l•25°C 


3.3 

mW/OC 

Operating Ambient Temperature Range 

Ta 


°C 

MC1530, MC1531 


-55 to+125 



MC1430, MC1431 


0 to +75 



Storage Temperature Range 

^stg 


■I 

c 

Metal and Ceramic Package 

-65 to+175 



Plastic Package MC1430, MC1431 


-55 to +150 

H 



CIRCUIT SCHEMATICS 


FIGURE 1 - MC1530/MC1430 
(STANDARD INPUT) 


FIGURE 2 - MC1531/MC1431 
(DARLINGTON INPUT) 


OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


PIN CONNECTIONS 


F SUFFIX 

CERAMIC PACKAGE 
CASE 606 
TO-91 


Non InvInput 1 
Inv. Input 2 
Gnd 3 

Vee-* 

Output 5 




g I Lag. Comp. 
® I Lead Comp 

6 Vcc 


G SUFFIX 
METAL PACKAGE 
CASE 603 B 


YSC 


PSUFFIX 

PLASTIC PACKAGE 
CASE 646 

(MC1430P/MC1431P only) 
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MC1430, MC1431, MC1530, MC1531 


ELECTRICAL CHARACTERISTICS (V^c = +6 0 Vdc, = -6.0 Vdc, T/^ - +25°C unless otherwise noted) 



MC1530 

MC1430 


Characteristic 



Typ 



Typ 


Unit 

Input Bias Current 

>IB 

- 

30 

10 

- 

50 

15 

pAdc 

Input Offset Current 

•lO 

- 

02 

20 

- 

04 

4 0 

pAdc 

Input Offset Voltage J/\ = +25°C 

V|0 


1 0 

50 


2 0 

10 





- 

60 


- 

11 

■■ 

Ta = Thigh 



- 

60 


- 

12 

■■ 

Single*Ended Input Impedance (Open-Loop, f = 30 Hz) 

hi 

10 

20 

- 

50 

15 

- 

k n 

Common-Mode Input Voltage Swing 


BJil 

±27 

- 



- 

Vpk 

Equivalent Input Noise Voltage 

ejM 


M 





,.V(rms) 

(Open-Loop, Rj = 50 ohms, BW = 50 MHz) 


- 


- 

- 

10 



Common-Mode Rejection Ratio (f = 100 Hz) 

CMRR 

70 


- 

65 

75 


dB 

Open-Loop Voltage Gam, 

'^vol 


WM 





V/V 

Ta = t-25°C 


- 

WBM 

- 

3000 

5000 



Ta “ Tiow to Thigh 


4500 


12,500 

- 

- 



Bandwidth (Open-Loop, -3 0 dB, no roll off capacitance) 

BW 

1 0 

2.0 

- 

1 0 

2 0 

- 


Output Impedance (f = 100 Hz) 

Zo 


25 


- 

25 

50 

ohms 

Output Voltage Swing (Rl = 1 0 k ohms) 

Vo 



- 

miji 

±50 

- 

Vpk 

Power Supply Sensitivity (Rj ^ 10 k 11) 


- 

100 

- 

- 

■Efl 

- 


Power Supply Current 

'CC- <EE 

- 

9 2 

12 5 

~ 

9 2 

12 5 

mAdc 

DC Quiescent Power Consumption (Vg = 0) 

Pc 

- 

110 

150 

- 

110 

150 

mW 


ELECTRICAL CHARACTERISTICS (Vcc = +6 0 Vdc, V^e = -6 0 Vdc, = +25°C unless otherwise noted) 



MC1531 

MC1431 


Characteristic 

Symbol 


Typ 

|[|^P 


MBM 


Unit 

Input Bias Current 


- 



- 

0 1 

■Bi 

pAdc 

Input Offset Current 

l|0 

- 

0 003 

10^91 

- 

0 01 

0 1 

pAdc 

Input Offset Voltage Ta = +25°C 

V.o 

■91 

30 

10 


50 

15 

mVdc 

Ta = T|o^9^ 



- 

18 


- 

- 


TA-Th,ahQ) 



- 

16 5 


- 

- 


Single-Ended Input Impedance (Open-Loop, f = 30 Hz) 

Z|S 



- 



- 

k n 

Common-Mode Input Voltage Swing 

VlCR 

QQQI 


- 


±22 

- 

Vpk 

Equivalent Input Noise Voltage 

ejNj 







pV(rms) 

(Open-Loop, Rj = 50 ohms, BW = 5.0 MHz) 


- 

20 

- 

- 

20 

- 


Common-Mode Rejection Ratio (f = 100 Hz) 

CMRR 

iSi 

65 

- 

60 

75 

- 

dB 

Open-Loop Voltage Gain 

Avol 







V/V 

Ta = +25°C 


- 

- 

_ 

1500 

3500 



Ta “ Tiow to Thigh 


2500 

3500 

7000 

- 

- 

bb 


Bandwidth (Open-Loop, -3.0 dB, no roll-off capacitance) 

BW 

- 

04 

- 

- 

04 

- 


Output Impedance (f = 30 Hz) 

■Bi 

PH 

25 

50 

- 

25 

50 

ohms 

Output Voltage Swing (Rl = 1 Ok ohms) 



± 5.2 

- 

±40 

±50 

- 

Vpk 

Power Supply Sensitivity (Rs ^ 10 k SI) 

PSRR 

- 


- 

- 

100 

- 

pV/V 

Power Supply Current 

IBHHM 

- 

9 2 


- 

9 2 

mjjB 

mAdc 

DC Quiescent Power Consumption (Vg =0) 

Pc 

- 

110 

150 

- 

110 

150 

mW 


STEP RESPONSE, TYPICAL CHARACTERISTICS 

(Vcc * +6 0 Vdc. VgE * -6 0 Vdc. Vq = 400 mVdc. Ta = +25®CI 




Symbol 

MC1530 
MCI 430 

MC1531 

MC1431 


Step Response 





/ Gam = 100. 0% overshoot. 

tTHL 

0 13 

0 36 

MS 

\ R^ * 1 0 k ohm. R2 * 100 k ohms. 

'PHL 

0 11 

0 21 

MS 

^ R3 * 1 0 k ohm. C| * 750 pF 

SR 

33 

16 

V/ms 

/ Cam = 10, 10% overshoot. 

•thl 

0 34 

0 30 

MS 

\ R j * 10 k ohms. Rj * 100 k ohms. 

<PHL 

0 25 

0 28 

MS 

' R3 = 10 k ohms. C| = 6800 pF 

SR 

60 

55 

V/ms 

/ Gam * 1 0.5 0% overshoot. 

<THL 

0 28 

0 37 

MS 

\ R1 = 10 k ohms, R2 = 10k ohms. 

>PHL 

0 16 

0 17 

MS 

' R3 = 5 0 k ohms. C| * 33.000 pF 

SR 

1 7 

1 4 

V/ms 


o 


Tlow 0°C#orMC1430 

-55®C for MC1530 
Thigh ♦ 75®C for MC1430 
+ 125®C for MC1530 


T|ow O'^C for MCt431 

-55°C for MC1531 
Thiflh *75°C for MC‘IA31 
+125®C MC1531 


.'^-49 
















































































































MC1430, MC1431, MC1530, MC1531 



MC1530/MC1430. MC1531/MC1431 
MC1530/MC1430,MC1531/MC1431 
MC1530/MC143Q, MC1531/MC1431 
MC1530/MC1430 
MC1530/MC1430 
MC1530/MC1430 
MC1530/MCU30 

_ MC1530/MC1430 _ 

MC1531/MC1431 

MC1531/MC1431 

_ MC1S31/MC1431 _ 

MC1530/MC1430 

MC1530/MC1430 

MC1530/MC1430 

_ MC1530/MCU30 _ 

MC1531/MC1431 

MC1531/MCt431 

MC1531/MC1431 

MC153t/MC1431 


_ TEST CONDITIONS _ 

r 7 (ten) I R2 I R 3 I Cl 


100 10k 750 

10 I 100 10k 6800 

10 10 5 0k 33.000 


5 0k 33,000 
500 33,000 


FIGURE 4 - LARGE SIGNAL SWING 
versus FREQUENCY 


FIGURE 5 - MC1530/MC1430 VOLTAGE 
GAIN versus FREQUENCY 


■III 

■■111^1 

iHiiim 

mum 

■■null 

■■■mil 

ilH 

■niiiinM 

■iiii^l 

nil 

■miim 

■HHHi! 


miiiii 

■III 

■miM 

■■■■III 

■■iiiiii 

■III 

■mil 


miiiii 

■III 

iniinnn 

ishBI 

■iiiiiii 

■■■■III 

ny 

iHunnn 


■■■Hill 


■iiiiiiimiiinn 

■IIIIIIHSIIIIII 

■iiiiiimiiiKii 

■IIHimBSIIIIIi 

■lllllll■i■^lll:lll 

■■■BfesagHiiii 


f, FREQUENCY (Hz) 


f, FREQUENCY (Hz) 


FIGURE 6 - IVIC1531/MC1431 VOLTAGE 
GAIN versus FREQUENCY 


mini 


BHII 

mil 


III 


iniiii 

niiiii 

IHIIII 


iiiiiiii 


iiSi 


iiiiiiiin 
l■lllllll 
IlIKKBSillllllll 
lllllll■■ 9 llllll 
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FIGURE 7 - MC1530/IVIC1430 OPEN LOOP VOLTAGE GAIN 
versus FREQUENCY 


niiiiniisifiisiiiiiisii 

■niiiiiiiaiiiaiBisnini 


IIIIIIIB9IBSIII 


f, FREQUENCY (Hz) 


(.FREQUENCY (Hz) 






















Av, VOLTAGE GAIN (dB) 


MC1430, MC1431, MC1530, MC1531 


FIGURE 8 - MC1531/MC1431 OPEN LOOP VOLTAGE GAIN 
versus FREQUENCY 



m 




FIGURE 11 - COMMON-MODE SWING versus POWER 
SUPPLY VOLTAGE 


V|CR+ MC1530/MC1430 


-V|CR ‘ MC1530/MCU30- 


f, FREQUENCY (Hr) 


-■=^=*=^5^ —V|CR+ MC1531/MC1431 

-I I - I -1- 

^ V|CR' MC)531/MC)431 | | 

10 20 30 40 50 EO 10 80 90 10 

Vcc and VrE, POWER SUPPLY VOLTAGE (VOLTS) 


FIGURE 9 - VOLTAGE GAIN versus POWER SUPPLY VOLTAGE 



Vcc and Vre, POWER SUPPLY VOLTAGE (VOLTS) 


FIGURE 12 - POWER CONSUMPTION versus 
POWER SUPPLY VOLTAGE 


FIGURE 10 - OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 

































433 

533 


OPERATIONAL AMPLIFIER 


OPERATIONAL AMPLIFIER 


. . . designed for use as a summing amplifier, integrator, or 
amplifier with operating characteristics as a function of 
the external feedback components. 


High-Performance Open Loop Gain Characteristics 
Avol = 60,000 typical 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



Low Temperature Drift - ±5 /uV/°C 


Input 1 
Output Lag 2 
Vee3 
Output 4 
Vcc 5 


F SUFFIX 

CERAMIC PACKAGE 
. CASE 606 
TO-91 


10 Input 
9 Mnput 
8 (Lag 

7 Vcc 

6 Vcc 



• Large Output Voltage Swing - 
±13 V typical (g) ±15 V Supply 


Low Output Impedance — Zq = 100 ohms typical 


G SUFFIX 
METAL PACKAGE 
CASE 603B 
Lag 


Input^v 

>. Input 


Lag 

Input 

^ ® Vcc 

V * 

"I J. 

Output 

@ Vcc 

Lag 


vee^ 

'cc 



L SUFFIX 

CERAMIC PACKAGE 
CASE 632 
TO-n6 


P SUFFIX 

PLASTIC PACKAGE 
CASE 646 
(MC1433P Only) 



3-52 













MC1433, MC1533 


ELECTRICAL CHARACTERISTICS (Vc(; = +15 Vdc, -15 Vdc, = +25°C unless otherwise noted) 




MC1533 

MCI433 


Characteristic 

Symbol 

Mm 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Open Loop Voltage Gam 

AvOL 







- 

(Ta = +25°c;^ 


40,000 

60,000 

_ 

30,000 

60,000 

- 


(Ta = T|o^^ ® to Thigh ® 1 


35,000 

50,000 

_ 

20,000 

50,000 

- 


Output Impedance 

7o 







SI 

(f = 20 Hz) 


- 

100 

150 

- 

100 

150 


Input Impedance 

Z| 







kS2 

(f = 20 Hz) 


500 

1000 

- 

300 

600 

- 


Output Voltage Range 

Vo 







Vpeak 

(Rl = 10 kn) 


±12 

±13 

- 

±12 

±13 



(Rl = 2 kJl) 


±11 

±12 

- 

±10 

±12 



Input Common Mode Voltage Range 

V|CR 

+9 0 

+ 10 

- 

+8.0 

+9 0 

- 

Vpeak 



-8.0 

-9 0 

- 

-8 0 

-9.0 

- 


Common Mode Rejection Ratio 

cmrr 

90 

100 

- 

80 

100 

- 

dB 

Input Bias Current 

'IB 







pA 

(Ta = +25°C) 



0.5 

1 0 


0.5 

2.0 


(Ta = Tjow) 



- 

3.0 


- 

4 0 


Input Offset Current 

l|0 






■■■ 

pA 

(Ta = +25°C) 



0.03 

0.15 


0 1 



(Ta = Tjoyv) 



- 

05 


- 

WSm 


(Ta “ ThighI 



- 

02 


- 




V|0 







mV 

(Ta = +25°C) 



1.0 

5.0 


1.0 

7 5 


(Ta “ TjQyy, Thigh) 



- 

60 


- 

10 


Step Response (C 2 = 10 pF) 









1 Gam = 100, 10% overshoot, ) 

tTLH 

- 

0 25 

- 

- 

0.25 

- 

MS 

■( Rj = 10 kn, R 2 = 1 0 Mn, V 

tpd 

- 

0 1 

- 

- 

0 1 

- 

MS 

1 R 3 = 100 n,Cl =001 pF ) 

SR 

- 

6 2 

- 

- 

6.2 

- 

V/ps 

f Gam = 10, no overshoot, I 

tTLH 

- 

0.3 

- 

- 

0.3 

- 

MS 

1 Rl = lOkn, R 2 = 100 kJl, [ 

tpd 

- 

0 1 

- 

- 

0 1 

- 

MS 

( R3= ion, Cj = 0 1 pF ) 

SR 

- 

29 

- 

- 

2.9 

■ - 

v/ps 

( Gam =1,5% overshoot, 1 

tTLH 

- 

0.2 

- 

- 

02 

- 

MS 

2 Rj = lOkn, R 2 = lOkn, 1 

tpd 

- 

0 1 

- 

- 

0.1 

- 

MS 

|R3=10n, Ci^I.OmF \ 

SR 

- 

2.0 

- 

- 

2.0 

- 

v/ps 

Average Temperature Coefficient 









of Input Offset Voltage 

aV|q/aT 







pV/°C 

(Ta = Tjow to +25°C) 



80 

- 


10 



(Ta = +25°C to Thigh) 


- 

50 

- 


80 

- 


Average Temperature Coefficient 









of Input Offset Current 

AIjqMT 







nA/°C 

(Ta “ Tjow to Thigh) 


- 

0 1 

- 


0 1 

- 


(Ta = +25°C to Thigh) 


- 

0 05 

- 

mm 

0.05 

- 


DC Power Consumption 

Pc 







mW 

(Power Supply = +15 V, Vq = 0) 


- 

125 

170 

- 

125 

240 


Positive Supply Sensitivity 

PSRR+ 







pV/V 

(VgE constant) 


- 

50 

150 

~ 

50 

200 


Negative Supply Sensitivity 

PSSR- 







pV/V 

(Vcc constant) 


- 

50 

150 

~ 

50 

200 



® =+75°C for MC1433, - 0 for IV1C1433 @ Input offset voltage (V|o) mav be adjusted to zero. 

+ 125°C for MC1533 -55°C for MC1533 










































































































MC1433, MC1533 


MAXIMUM RATINGS (T/\ = +25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage f\/lC1533,MC1433 

Vcc 

+20,-1-18 

Vdc 

MC1533,IVIC1433 

Vee 

-20,-18 

Vdc 

Differential Input Voltage Range 

V|DR 

±10 

Volts 

Common Mode Input Voltage Range 

V|CR 

-Vcc 

Volts 

Load Current 

'L 

10 

mA 

Output Short Circuit Duration 

Is 

0.1 

s 

Power Dissipation (Package Limitation) 

Pd 



Metal Package 


680 

mW 

Derate above = +25°C 


46 

mW/°C 

Flat Package 


500 

mW 

Derate above = +25°C 


3 3 

m\/V/°C 

Dual In-Line Ceramic Package 


625 

mW 

Derate above = +25°C 


5 0 

mW/°C 

Dual In-Line Plastic Package 


400 

mW 

Derate above T- -t-25°C 


3 3 

mW/°C 

Operating Ambient Temperature Range 

Ta 


°C 

MC1533 


-55 to +125 


MC1433 


0 to +75 


Storage Temperature Range 

^stg 

-65 to +150 

°c 


TYPICAL CHARACTERISTICS 
FIGURE 2 - TEST CIRCUIT 
Vcc = +15 Vdc. Vee = -15 Vdc, T^ = +25°C 


VCC 



Fig. 

No. 

Curve 

No. 

Test Conditions 

Rl <U) 

R2 

R3 (id 

C, (pF) 

C2 (pF) 

3 

1 

10 k 

10 k 

10 

1 0 

10 


2 

10 k 

100 k 

10 

0 1 

10 


3 

10 k 

1.0 M 

100 

0.01 

10 


3 

1 Ok 

1 OM 

390 

0 002 

10 

4 

1 

10 k 

10 k 

10 

1.0 

10 


2 

10 k 

100 k 

10 

0.1 

10 


3 

10 k 

1.0 M 

100 

0 01 

10 


4 

1 Ok 

1.0 M 

390 

0 002 

10 

5 

1 

0 

oo 

10 

1.0 

10 


2 

0 

00 

10 

0 1 

10 


3 

0 

oo 

100 

0 01 

10 


4 

0 

00 

390 

0 002 

10 







PEAK TO-PEAK VOLTAGE (VOLTS) 


MC1433, MC1533 

















MC1433, IVIC1533 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 7 - POWER CONSUMPTION 
versus POWER SUPPLY VOLTAGE 


FIGURE 8 - VOLTAGE GAIN 
versus POWER SUPPLY VOLTAGE 
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DUAL OPERATIONAL AMPLIFIERS 


. . . designed for use as summing amplifiers, integrators, or 
amplifiers with operating characteristics as a function of 
the external feedback components. Ideal for chopper sta¬ 
bilized applications where extremely high gain is required 
with excellent stability. 


Typical Amplifier Features: 

• High Open Loop Gain Characteristics - Avol = 7,000 

• Low Temperature Drift — ±10 p V /“C 

• Low Input Offset Voltage — 1.0mV 

• Low Input Noise Voltage — 0.5/iV 



DUAL 

OPERATIONAL AMPLIFIERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


Output A 1 
Output Lag A 2 
Input Lag A 3 
Input Lag A 4 
Non Inv Input'S 
Inv, Input's 
VEE 7 


Non Inv 
input X 
OutputC^ 
Lag A 



^ F SUFFIX 
CERAMIC PACKAGE 
CASE 607 


14 VCC 
13 Output B 
12l Output Lag B 
11 Input Lag B 
10 Input Lag B 
9 Non Inv Input 
8 Inv. Input 


Non Inv 
y^lnput 

B (SJ Lag B 
Output 





GSUFFIX 
METAL PACKAGE 
CASE 603B 


L SUFFIX 

CERAMIC PACKAGE 
CASE 632 
TO-116 


Output 

A 

Output 
Lag A 
Input 
Lag A 
Input 
Lag A 
Non. Inv. 
input 
Inv. 
Input 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 646 
















IV1C1435, MC1535 


HIGH Zj, DIFFERENTIAL TO SINGLE-ENDED AMPLIFIER 


LARGE OUTPUT SWING CONFIGURATION (FLOATING LOAD) 


Zi- 70 SI min OImF : 

(differential) 


I 



L MCI535£j 



''EE Vo = 20 Vi 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 


Power Supply Voltage 


Input Differential Voltage Range 


Common-Mode Input Voltage Range 


Load Current 


Output Short-Circuit Duration 


Power Dissipation (Package Limitation) 
Flat Ceramic Package 
Derate above T/\ = +25°C 
Metal Package 
Derate above T/\ = +25°C 
Ceramic Dual In-Line Package 
Derate above Ta = +25°C 


Operating Ambient Temperature Range 


Storage Temperature Range 



3-58 










































!VIC1435, MC1535 


ELECTRICAL CHARACTERISTICS (Each Amplifier) (V 0 C = + 6.0 Vdc, Vee = - 6.0 Vdc, = +25°C unless otherwise noted.) 



Characteristics 

Symbol 

Input Bias Current 

h+ l2 Ta =+25°C 

''B 2 'Ta =T|o^ to Thigh© 

l|B 

Input Offset Current 

Ta = +25°C 

Ta = +25°C toThigh 
= "^low +25®C 

•lO 

Input Offset Voltage 

Ta = +25°C 
^A - to Thigh 

VlO 

Differential Input Impedance (Open-Loop, f = 20 Hz) 
Parallel Input Resistance 

Parallel Input Capacitance 

■n 

Common-Mode Input Impedance (f = 20 Hz) 

7| 

Common-Mode Input Voltage Swing 

See Figure 7. 

V|CR 

Equivalent Input Noise Voltage 
(Av= 100, Rs= lOkohms, f = 1.0 kHz, BW = 1.0 Hz) 

en 

Common-Mode Rejection Ratio (f = 100 Hz) 

CMRR 

Open Loop Voltage Gain 
(Ta - to Thigh) 

^vol 

Power Bandwidth (See Figure 2, Curve 3A.) 

(Av= 1, Rl = 2.0kohms, THD< 5%, Vo = 20Vp-p) 

BWp 

Unity Gam Crossover Frequency (open-loop) 

fc 

Phase Margin (open-loop, unity gain) 

0m j 

Gam Margin 

Am 

Step Response 

(Gam = 100, 30%overshoot, 

JrI = 4.7 kfi, R2 = 470kn, 

|r3= 150 n. Cl = 1,000 pF 
( Gam = 10, 10% overshoot, 

7 R1 = 47 kn, R2 = 470 kn, 

1 R3 = 47 n, Cl = 0.01 pF 
( Gam = 1, 5% overshoot, 

7 R1 = 47 kn, R2 = 47 kn, 

|r 3-4.7 n. Cl =0.1 pF 

*PHL 

ip 

SR 

IPHL 

*P 

SR 

‘PHL 

1P 

SR 

Output Impedance (f = 20 Hz) 


Short-Circuit Output Current 

(os 

Output Voltage Swing (Rl = 10 k ohms) 

Vo 

Power Supply Sensitivity 

Vee - constant, Rj ^ 10 k ohms 

Vcc - constant, Rj^ 10 k ohms 

PSS+ 

PSS- 

Power Supply Current (Total) 

Ice 

'EE 

DC Quiescent Power Consumption (Total) 

(Vo = 0) 

Pc 


Min 



MC1535 MC1435 





MATCHING CHARACTERISTICS 


Open Loop Voltage Gam 

Avon—A voI2 

- 

+ 1.0 

- 

- 

±1.0 

- 

dB 

Input Bias Current 

l|B1-llB2 

- 

±0.15 

- 

- 

±0.15 

- 

pA 

Input Offset Current 

l|01-l|02 

- 


- 

- 


- 

pA 

Average Temperature Coefficient 

TCIio1-TC||02 

- 

±0.1 

- 

- 

±0.1 

- 

nA/°C 

Input Offset Voltage 

ViorVio2 

- 

±0.1 

- 

- 

IKQII 

- 

mV 

Average Temperature Coefficient 


- 

±0 5 

- 

- 

±0.5 

- 

pV/°C 

Channel Separation (See Fig. 10) 

(f = 10 kHz) 

®Ol 

eo2 

H 

-60 

- 

- 

-60 

- 

dB 


©T|ow: 0°CforMC1435 

-55°C for MCI535 
Thigh: +75°C for MC1435 
+ 125°C for MC1535 


3-59 






































































































































Avol, VOLTAGE GAIN (dB) Vq, OUTPUT VOLTAGE SWING (V 


MC1435, MC1535 


TYPICAL OUTPUT CHARACTERISTICS 

(Vcc = +6.0 Vdc, Vee = -6.0 Vdc, = +25°C.) 


FIGURE 1 - TEST CIRCUIT 


FIGURE 

NO. 

CURVE 

NO. 

VOLTAGE 

GAIN 

TEST CONDITIONS 

OUTPUT 

NOISE 

niV(RMS) 

R|(I1) 

R2(!!) 

C,lpF) 

RjIS!) 

CjlpF) 

2 

3 

/ ' 

47 k 

47 k 

100,000 

47 

0 

0.12 


3A 

lor i 

47 k 

47 k 

0 

00 

50,000 

0 46 

3 


1 100 

47k 

470 k 

1,000 

150 

0 

1 7 



lor 100 

47k 

. 470 k 

0 

00 

510 

2 1 




47 k 

470 k 

10,000 

47 

0 

10 



lor 10 

47 k 

470 k 

0 

oo 

5,000 

2.1 



1 

47 k 

47 k 

100,000 

47 

0 

0 12 



lor 1 

47 k 

47 k 

0 

CO 

50,000 

0 46 

4 


1 or Avol 

100 

CO 

1,000 

150 

0 

81 




100 

00 

0 

00 

510 

8 1 


2 


100 

CO 

10,000 

47 

0 

55 


3 

1 Avol 
j or Avol 

100 

100 

100 

00 

00 

0 

100,000 

0 

00 

47 

5,000 

0 

50,000 

55 

44 

44 



FIGURE 2 - LARGE SIGNAL SWING 
versus FREQUENCY 


FIGURE 3 - VOLTAGE GAIN versus FREQUENCY 
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FIGURE 4 - OPEN LOOP VOLTAGE GAIN 
versus FREQUENCY 


FIGURE 5 - INPUT OFFSET VOLTAGE 
versus TEMPERATURE 



100 10k 10k 100k 10M 10M 

f, FREQUENCY (Hr) 
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MC1435, MC1535 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 6 - VOLTAGE GAIN versus 
POWER SUPPLY VOLTAGE 


FIGURE 8 - POWER CONSUMPTION versus 
POWER SUPPLY VOLTAGE 



FIGURE 7 - COMMON MODE SWING 
versus POWER SUPPLY VOLTAGE 




Vccand Vee.POWEB SUPPLY VOLTAGE (Vdc) 


25 

SO 

75 


-25 

-50 
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TEMPERATURE 

DEGREES 

CENTIGRADE 


FIGURE 9 - OUTPUT WIDEBAND NOISE VOLTAGE 
versus SOURCE RESISTANCE 



100 10k 10 k 100 k 

R,. SOURCE RESISTANCE (OHMS) 



FIGURE 10 - INDUCED INPUT SIGNAL 
(CHANNEL SEPARATION) versus FREOUENCY 





Induced input signal (pV of induced input signal in amplifier =2 
per volt of output signal at amplifier -1) 

® 0 2 = e in2 (^). where e o 2 'sth® component of 
Bq 2 due only to lack of perfect separation between the 
two amplifiers 


3-61 



































ORDERING INFORMATION 


Device Temperature Range Package 


MC1436G 

MC1436U 

MC1436CG 

MC1436CU 

MC1536G 

MC1536U 


0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
0“C to +70°C 
-55°C to +125°C 
-SS-C to +125°C 


Metal Can 
Ceramic DIP 
Metal Can 
Ceramic DIP 
Metal Can 
Ceramic DIP 


MC1436 

MC1436C 

MC1536 


HIGH VOLTAGE, INTERNALLY COMPENSATED 
OPERATIONAL AMPLIFIER 

. . . designed for use as a summing amplifier, integrator, or amplifier 
with operating characteristics as a function of the external feedback 
components. 

• Maximum Supply Voltage - ±40 Vdc (MC1536) 

• Output Voltage Swing - 

±30 Vpk(min) (VCC = +36 V, Vee = -36 V) (MC1536) 

±22 Vpk(min) (VcC = +28 V, Vee = -28 V) 

• Input Bias Current — 20 nA max (MC1536) 

• Input Offset Current — 3.0 nA max(MC1536) 

• Fast Slew Rate — 2.0 V//js typ 

• Internally Compensated 

• Offset Voltage Null Capability 

• Input Over-Voltage Protection 

• AvoL ~ 500,000 typ 

• Characteristics Independent of Power Supply Voltages - 

(±5.0 Vdc to ±36 Vdc) 


FIGURE 1 - DIFFERENTIAL AMPLIFIER WITH ±20 V 
COMMON MODE INPUT VOLTAGE RANGE 



OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



U SUFFIX 

CERAMIC PACKAGE 
CASE 693 



FIGURE 2 - TYPICAL NON-INVERTING X10 
VOLTAGE AMPLIFIER 


V, M4Vpp 
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MC1436, MC1436C, IV1C1536 


MAXIMUM RATINGS (Ta = +25^0 unless otherwise noted) 


Rating 

Symbol 

MC1536 

MC1436 

MC1436C 

Unit 

Povwr Supply Voltage 

Vcc 

+40 

+34 

+30 

Vdc 


vee 

-40 

-34 

-30 


Input Differential Voltage Range 

VlDR 

* (Vcc * Vee"^) 

Volts 

Input Common-Mode Voltage Range 

V|CR 

+ Vcc. - (Vee'^I 

Volts 



50 

ihhibhhh 

Power Dissipation (Package Limitation) 

I’D 


680 


mW 

Derate above T/^ “ +25°C 



46 


mV4/°C 

Operating Ambient Temperature Range 

Ta 


0 to +70 

°c 

Storage Temperature Range 

T$tg 

-65 to +150 

°c 


ELECTRICAL CHARACTERISTICS (Vcc “ ■*‘28 Vdc, = - 28 Vdc. Ta = +25^C unless otherwise noted) 



Note 1 T|ow 0°C for MC1436.C 
-55°C for MCI 536 
Thigh +70^C for MC1436,C 
+ 125°C for MC1536 


Vcc = Vee = 50 Vdc to 36 Vdc for MCI536 
Vcc = Vee “ 5 0 Vdc to 30 Vdc for MC1436 
Vcc “ 5 0 Vdc to 28 Vdc for MC1436C 


















































































































































MC1436, MC1436C, MC1536 


FIGURE 4 - POWER BANDWIDTH 



FIGURE 5 - PEAK OUTPUT VOLTAGE SWING versus 



FIGURE 6 - OPEN-LOOP FREQUENCY RESPONSE 



10 10 100 10k 10 k 100 k 10M 10M lOOM 

f, FREQUENCY (Hz) 


FIGURE 7 - OUTPUT SHORT-CIRCUIT CURRENT 
versus TEMPERATURE 



Ta, ambient temperature (OC) 
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MC1437 

MC1537 


HIGHLY MATCHED 
DUAL OPERATIONAL AMPLIFIERS 

. . . designed for use as summing amplifiers, integrators, or amplifiers 
with operating characteristics as a function of the external feedback 
components. Ideal for chopper stabilized applications where ex¬ 
tremely high gam is required with excellent stability. 

Typical Amplifier Features; 

• High-Performance Open Loop Gain Characteristics — 

AvoL “ 45,000 typical 

• Low Temperature Drift - i3/iV/°C 

• Large Output Voltage Swing — 

± 14 V typical (S) ± 15 V Supply 


MAXIMUM RATINGS (Ta = +25°C) 


DUAL MC1709 

OPERATIONAL AMPLIFIERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

Vee 

■t18 

-18 

Vdc 

Vdc 

Differential Input Voltage Range 

V|OR 

±5 0 

Volts 

Common-Mode Input Voltage Range 

V|CR 


Volts 

Output Short Circuit Duration 

fs 

50 

s 

Power Dissipation (Package Limitation) 

Pd 



Ceramic Package 


750 

mW 

Derate above Ta = +25°C 


60 

mW/°C 

Plastic Package MC1437P 


625 

mW 

Derate above Ta = ••■25°C 


50 

mW/°C 

Operating Ambient Temperature Range 

Ta 


°C 

MC1537 


-55 to +125 


MC1437 


0 to +70 


Storage Temperature Range 

"Pstg 

-65 to +150 

°C 


P SUFFIX 

PLASTIC PACKAGE 
CASE 646 
(MC1437P only) 



Output Lag A } 1 
Output A I 2 
Input Lag A | 3 
I nput Lag A j 4 
I nv. I nput E 


12| Output 6 
E nput Lag B 
1^1 nput Lag B 
E nv. Input 

0 Non Inv. 
Input 



L SUFFIX 

CERAMIC PACKAGE 
CASE 632 
TO-116 
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MC1437, MC1537 

ELECTRICAL CHARACTERISTICS — Each Amplifier (Vqc “ +15 Vdc, = -15 Vdc, T/\ = +25°C unless otherwise noted.) 



MC1537 

1 MC1437 


Characteristic 

Symbol 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Open Loop Voltage Gain 

AvOL 







- 

(Rl = 5.0 kS2, Vo = ±10 V, 


25,000 

45,000 

70,000 

15,000 

45,000 

- 


" T|ow ® 1° l^high ® 1 









Output Impedance 

zo 

- 

3a 

- 

- 

30 

- 

22 

(f = 20 Hz) 









Input Impedance 

Z| 

150 

400 

- 

50 

150 

_ 

k22 

If = 20 Hz) 









Output Voltage Range 

VOR 








(Rl = 10kS2) 


±12 

±14 


±12 

±14 

- 


(Rl = 2 0 kii) 


±10 

±13 


- 

- 

- 


Input Common-Mode Voltage Range 

'/ICR 

±8 0 

±10 

- 

±8 0 

±10 

- 

'/peak 

Common-Mode Rejection Ratio 

CMRR 

70 

100 

- 

65 

100 

- 

dB 

Input Bias Current 

'IB 


■1 





mA 

1 , Il+l2\ (Ta = +25°C) 


- 

mm 

0 5 


04 



V®' 2 ) (Ta = T|ow©) 


- 

19 

1 5 

H 

- 

mm 


Input Offset Current 

iio 




||■|||||| 



mA 

(l|0 = If - I 2 ) 


- 

0 05 

02 


0 05 

05 


(||0 =ll -I2 ,Ta = T|owO) 


- 

- 

05 


- 

0 75 


(l |0 = h - I 2 . Ta = Thigh©) 


- 

- 



- 

0 75 


Input Offset Voltage 

V|0 







mV 

(Ta = -t'25°C) 


- 

1 0 

5 0 


1 0 



(Ta = T|ow © fo ^high © J 


- 

- 

6 0 


- 

■■ 


Step Response 









(Gain = 100, 5% overshoot, ) 

ITLH 

- 

08 

- 


08 

- 

MS 

j Rl = 1 kS2, R 2 = 100 k52, | 

tPLHTpHU 

- 

0 38 

- 


0 38 

— 

MS 

(R3 = 1 5 kS2,Ci = 100pF,C2 = 3 0pF) 

SR 

- 

12 

- 


12 

- 

v/ps 

(Gain = 10, 10% overshoot, ] 

ITLH 

- 

06 


- 

06 

- 

AJS 

Rl = 1 ki2,R2= 10kS2, | 

tPLH-tpHL 

- 

0 34 


— 

0 34 

- 

MS 

(R3=1 5kS2,Ci =500pF,C2 = 20pF ) 

SR 

- 

1 7 



1 7 

- 

V/ps 

( Gam = 1, 5% overshoot, | 

‘TLH 

- 

22 



2 2 

- 

MS 

Rl = 10kS2, R 2 = 10kJ2, 

tPLH-*PHL 

- 

1 3 



1 3 

- 

MS 

(r3= 1 5kS2,Ci = 5000 pF,C2 = 200 pF) 

SR 

- 

0 25 



0 25 

- 

V/pS 

Average Temperature Coefficient of 

*Vio/*T 







pV/°C 

Input Offset Voltage 









(RS " 50 S2, Ta = T|o(^ 0 to Thigh ®) 



1 5 



1 5 



(Rs^lOkU, Ta = T|ow 0 (0 Thigh ® ) 



30 


^19 

30 

- 


Average Temperature Coefficient of 

f^l lO/^T 







nA/°C 

Input Offset Voltage 









<TA = T|ow®to+25°CI 


- 

07 



07 

- 


(Ta = +25°C to Thigh® 


- 

07 



07 

- 


DC Power Consumption (Total) 

Pc 

- 

160 

225 

- 

160 

225 

mW 

(Power Supply = ±15 V, Vq = 0) 









Positive Supply Sensitivity 

PSS+ 

— 

10 

150 

mmi 

10 

200 

pV/V 

(V^^ constant) 









Negative Supply Sensitivity 

PSS- 

_ 

10 

150 

— 

10 

200 

pV/V 

(Vf-f. constant) 










©1 


, = 0°C for MC1437 
= -55°C for MC1537 




high * +70°c for MC1437 
= +125“C for MC1537 


MATCHING CHARACTERISTICS 


Open Loop Voltage Gain 

Av0L1Av0L2 

Input Bias Current 

•lB1-l|B2 

Input Offset Current 

l|01-l|02 

Average Temperature Coefficient 

IMiisM 

Input Offset Voltage 

1 V|01-'/|02 

Average Temperature Coefficient 


Channel Separation 

eo1 

(f = 10 kHz) 

eo2 
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MC1437, MC1537 


TYPICAL OUTPUT CHARACTERISTICS 


FIGURE 3 - TEST CIRCUIT 
Ycc = +15 Vdc, Vgg = 15 Vdc, T^ = 25°C 



FIGURE 

NO. 

CURVE 

NO. 

VOLTAGE 

GAIN 

TEST CONDITIONS 

OUTPUT 

NOISE 

(mVOmO) 

Rl(!1) 

R2(fi) 

Rain) 

C,(pF) 

C2(pF) 

4 

1 

1 

10k 

10k 

1.5 k 

50k 

200 

0 10 


2 

10 

10k 

100 k 

15k 

500 

20 

0 14 


3 

100 

10k 

1 OM 

15k 

100 

30 

07 


4 

1000 

10k 

1 OM 

0 

10 

30 

52 

5 

\ 

1 

10k 

10k 

1.5 k 

50k 

200 

0 10 


2 

10 

10k 

100 k 

15k 

500 

20 

014 


3 

100 

10k 

1 OM 

1 5k 

100 

30 

07 


4 

1000 

10k 

1 OM 

0 

10 

30 

52 

6 


AvOL 

0 

D3 

1 5k 

50k 

200 

55 


2 

AvDL 

0 

CO 

1 5k 

500 

20 

10 5 


3 

AvOL 

0 

CO 

15k 

100 

30 

21 0 


4 

AvOL 

0 

CO 

0 

10 

30 

39 0 


5 

AvOL 

0 

“ 

CD 

0 

30 




FIGURE 4 - LARGE SIGNAL SWING 

versus FREQUENCY FIGURE 5 - VOLTAGE GAIN versus FREQUENCY 
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FIGURE 6 - OPEN LOOP VOLTAGE GAIN 


FIGURE 7 - TOTAL POWER CONSUMPTION 


versus FREQUENCY 


versus POWER SUPPLY VOLTAGE 



10 100 10k 20 k SOklOk 100k 1.0 M 



4 0 6 0 8 0 10 12 14 16 18 


I. FREQUENCY (Hz) 


Vcc and Vee, POWER SUPPLY (Vdc) 
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io 2 . INDUCED OUTPUT SIGNAL (;iVM ^ AV|0, INPUT OFFSET VOLTAGE CHANGE (mV) 


MC1437, MC1537 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 8 - VOLTAGE GAIN versus 
POWER SUPPLY VOLTAGE 


FIGURE 9 - COMMON INPUT SWING 
versus POWER SUPPLY VOLTAGE 



V CC and Vee. POWER SUPPLY VOLTAGE (VOLTS) 

FIGURE 10 - INPUT OFFSET VOLTAGE 
versus TEMPERATURE 



Vcc and Vee. POWER SUPPLY VOLTAGE (VOLTS) 


FIGURE 11 - OUTPUT NOISE VOLTAGE 
versus SOURCE RESISTANCE 



-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 

T^, AMBIENT TEMPERATURE (OC) 



100 10l( 10)( 100)( 

RS, SOURCE RESISTANCE (OHMS) 


FIGURE 12- INDUCED OUTPUT SIGNAL 
(CHANNEL SEPARATION) versus FREQUENCY 



too 10 k 10 k 100 k 

f. FREQUENCY (Hz) 



Induced output signal (mV of induced output signal in 
amplifier i(2 per volt of output signal at amplifier #1). 


.R-RQ 






























ORDERING INFORMATION 


Device 

Temperature Range 

Package 

MC1439G 

0°C to -pTO'C 

Metal Can 

MC1439L 

O'C to -t-70°C 

Ceramic DIP 

MC1439P1,P2 

0°C to -f70°C 

Plastic DIP 

MC1539G 

-55°C to -H25°C 

Metal Can 

MC1539L 

-SS'C to -l-125“C 

Ceramic DIP 


UNCOMPENSATED OPERATIONAL AMPLIFIER 

. . . designed for use as a summing amplifier, integrator, or amplifier 
with operating characteristics as a function of the external feedback 
components. For detailed information see Motorola Application 
Note AN-439. 

• Low Input Offset Voltage — 3.0 mV max 

• Low Input Offset Current — 60 nA max 

• Large Power-Bandwidth — 20 Vp-p Output Swing at 20 kHz min 

• Output Short-Circuit Protection 

• Input Over-Voltage Protection 

• Class AB Output for Excellent Linearity 

• High Slew Rate — 34 V/ps typ 


FIGURE 1 - HIGH SLEW-RATE INVERTER 


100 k 



''CC Vee 


FIGURE 2 - OUTPUT NULLING CIRCUIT 



10 k <Rs < lOOIBa) (Vcc) 


FIGURE 3 - OUTPUT LIMITING CIRCUIT 




OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


G SUFFIX 
METAL PACKAGE 
CASE 601 



Comp«n$ation Vcc 


Non-lnv f3) _ { 5 J Output Lag 

Input ^ 


L SUFFIX 

CERAMIC PACKAGE 
CASE 632 
(TO-116) 



(Vee Substrate 
on P2) 


PLASTIC PACKAGE 
CASE 646 
(MC1439 only) 


PI SUFFIX 
PLASTIC PACKAGE 
CASE 626 
(MC1439 only) 


Non Inv Input 
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MC1439, MC1539 

ELECTRICAL CHARACTERISTICS (Vcc = +15 Vdc, Vee = -15 Vdc, Ta = +25°C unless otherwise noted.) 


Input Bias Current 
(Ta = +25°C) 

“ T|ow (5) 


Input Offset Current 

(Ta = T|oyi,) 

(Ta = +25°C) 

(Ta = Thigh (i)) 


Input Offset Voltage 
(Ta = +25°C) 

(Ta “ T|ow> Thigh) 


Average Temperature Coefficient of I nput 
Offset Voltage (Ta = Tiqw to Thigh) 

(Rs = 50 n) 

(Rs<i0kn) 


Input Impedance 
(f = 20 Hz) 


Input Common-Mode Voltage Range 


Equivalent Input Noise Voltage 
(Rs = 10 kfl, Noise Bandwidth = 1.0 Hz, 
f = 1.0 kHz) 


Common-Mode Rejection Ratio 
(f= 1.0 kHz) 


Open-Loop Voltage Gain (\/o = ±10 V, Rl = 

lOkfJ, R 5 = “>) (Ta =+25°C to Thigh) 

(Ta “ Tjoyi^l 



Step Response 

{ Gain = 1000, no overshoot, 

Rl = I.Okn, R2 = 1 OMn, R3= 1 Okn, 
R4 = 30kn, R5= 10kn,C1 = 1000 pF 

{ Gain = 1000, 15% overshoot, 

Rl = 1.0kn,R2 = 1.0Mn, R3 = 1 Okn, 
R4 = 0,R5 = 10kn,C1 = lOpF ' 

{ Gain = 100, no overshoot, 

Rl = 1.0kn,R2=100kn,R3=1.0kn, 
R4=10kn,R5=10kn,C1 =2200pF 

{ Gain = 10, 15% overshoot, 

Rl = 1.0kn,R2 = 10kn,R3=1.0kn, 
R4 = 1.0 kn, R5 = 10 kn. Cl = 2200 pF \ 

{ Gain = 1, 15% overshoot, j 

Rl = 10kn,R2=10kn,R3 = 5.0kn, 
R4 = 390n,R5=10kn,C1 =2200pF ] 


Output Impedance 
(f = 20 Hz) 


Output Voltage Swing 
(RL = 2.0kn, f = 1.0 kHz) 
(Rl= 1.0kn,f = 1.0 kHz) 


Positive Supply Rejection Ratio 
(Vee constant, R 5 = “=) 


Negative Supply Rejection Ratio 
(Vcc constant, R 5 = 00 ) 


Power Supply Current 
(Vq = 0) 



@T|o„ = 0°C for MC1439 
-559c for MCI539 


Thigh = +70°C forMC1439 
+ 125°C for MC1539 






































































































MCI439, MC1539 


MAXIMUM RATINGS (T/^ ° +25°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

-H8 

Vdc 


Vee 

-1-18 


Differential Input Voltage Range 

V|DR 

±(Vcc + |VeeI> 

Vdc 

Common-Mode Input Voltage Range 

V|CR 

+Vcc-1VeeI 

Vdc 

Load Current 

'L 

15 

mA 

Output Short-Circuit Duration 

ts 

Continuous 

Power Dissipation (Package Limitation) 

Pd 



Metal Package 


680 

mW 

Derate above T/\ = -t25°C 


4.6 

mW/°C 

Ceramic Dual In-Line Package 


750 

mW 

Derate above T/\ = +25°C 


6.0 

mW/°C 

Plastic Dual In-Line Packages MC1439 


625 

mW 

Derate above T/\ = -t25°C 


5.0 

mW/°C 

Operating Temperature Range MC1539 

Ta 

-55 to-1-125 

“C 

MCI439 


0 to -t70 


Storage Temperature Range 

^stg 


°C 

Metal and Ceramic Packages 


-65 to +lb0 


Plastic Packages 


-55 to -H25 




FIGURE 4 - EQUIVALENT CIRCUIT SCHEMATIC 


FIGURE 5 - EQUIVALENT CIRCUIT 




FIGURE 6 -TEST CIRCUIT 


TYPICAL OUTPUT CHARACTERISTICS 



R2 
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MC1439, MC1539 


TYPICAL CHARACTERISTICS (continued) 

(Vcc = +15 Vdc, Vee = -15 Vdc.T/^ = +25°C, unless otherwise noted.) 



1.0 k 10 k 100 k 10M 



100 10k 10k 100k lOM 10 M 


f, FREQUENCY (Hz) 


t, FREQUENCY (Hz) 


FIGURE 9 - OUTPUT VOLTAGE 

SWING versus LOAD RESISTANCE FIGURE 10 - OPEN-LOOP PHASE-SHIFT versus FREOUENCY 
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FIGURE 11 -OUTPUT VOLTAGE SWING 
(to clipping) versus SUPPLY 



SUPPLY VOLTAGE (VOLTS) 



1.0 k 10 k look 10M 10 M 

. f, FREQUENCY (Hz) 

Aql = Closed-Loop Gain 
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IVIC1439, MC1539 


TYPICAL CHARACTERISTICS (continued) 

(Vcc = +15 Vdc, VgE = -15 Vdc, T/^ = +25°C, unless otherwise noted.) 




IQk 10 li 100 k 10M 10 M 

f, FREQUENCY (kHr) 


FIGURE 14 - Acl =1° RESPONSE versus TEMPERATURE 



FIGURE 15 - Acl = ■'00 response versus TEMPERATURE 



10 10 100 1.0 M 10 M 


f, FREQUENCY (kHz) 


FIGURE 16 - Act = 1000 response versusTEMPERATURE 



1.0 10 100 10M 10 M 

f, FREQUENCY (kHz) 



10 100 10k 10 k 100 k 

I, FREQUENCY (Hz) 

*Aql * Closed-Loop Gain 


FIGURE 18 - OUTPUT NOISE versus SOURCE RESISTANCE 
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MC1439, MC1539 


TYPICAL CHARACTERISTICS (continued) 

(Vcc = +15 Vdc, Vee = -15 Vdc, T/^ = +25°C, unless otherwise noted.) 


FIGURE 20 - POWER DISSIPATION versus 

FIGURE 19-POWER DISSIPATION versusTEMPERATURE POWER SUPPLY VOLTAGE 




FIGURE 22 - COMMON-MODE INPUT VOLTAGE 
versus SUPPLY VOLTAGE 



Vcc. IVeEI. supply voltage (VOLTS) 


FIGURE 23 - COMMON-MODE REJECTION RATIO 
versus FREOUENCY 


FIGURE 24 - COMMON-MODE REJECTION RATIO 
versusTEMPERATURE 



f, FREQUENCY (Hz) 


Ta, ambient temperature (“O 
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MC1439, IVIC1539 


FIGURE 25 - VOLTAGE-FOLLOWER PULSE RESPONSE 



TYPtCAL APPLICATIONS 


FIGURE 26-VOLTAGE FOLLOWER 



FIGURE 27-DIFFERENTIAL AMPLIFIER 



FIGURE 28-SUMMING AMPLIFIER 



IRF Rf I I, RfI 
«0 = - 5: '1 * 5 ; '2 + 1 5 ; '3 


'Properly Compensated 


|Rl ' R2 

For R 3 = 


R3| 

R|.R2 

R 1 + R 2 


RB = Parallel Combination of R), R 2 , R 3 , Rp- 
R2 


Co = - 


Rf Rf Rf 1 
r 7 '1^ 5; '2^ 5; '3l 


R3 

'Properly Compensated 


FIGURE 29-+15 VOLT REGULATOR 


♦30 V 



Return •- 


-• Vo Return 
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VNOMINAL- Vo (MILLIVOLTS) 


MC1439, MC1539 


TYPICAL APPLICATIONS (continued) 


FIGURE 30 - LOAD REGULATION FOR 
CIRCUIT OF FIGURE 29 


FIGURE 31 - REGULATOR OUTPUT VOLTAGE 
(under pulsed load condition) 




Vertical Scale 1 mV/Div 
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ORDERING INFORMATION 


Device 

Temperature Range 

Package 


MC1456G,CG 

MC1456CL,L,CU,U 

MC1456CP1,P1 

MC1556G 

MC1556L 

MC1556U 

O^C to -f 70°C 

O'C to -f 70“C 

0°C to -l"70''C 
-SS'C to -h125'’C 
-55°C to -f 125'“C 
-55°C to -i-125''C 

Metal Can 

Ceramic DIP 

Plastic DIP 

Metal Can 

Ceramic DIP 

Ceramic DIP 

MC1456 

MC1456C 

MC1556 


INTERNALLY COMPENSATED. HIGH PERFORMANCE 
OPERATIONAL AMPLIFIER 


. . . designed for use as a summing amplifier, integrator, or amplifier 
with operating characteristics as a function of the external feedback 
components. For detailed information, see Application Note AN-522. 

• Low Input Bias Current — 15 nA max 

• Low Input Offset Current — 2.0 nA max 

• Low Input Offset Voltage — 4.0 mV max 

• Fast Slew Rate — 2.5 V//is typ 

• Large Power Bandwidth — 40 kHz typ 

• Low Power Consumption — 45 mW max 

• Offset Voltage Null Capability 

• Output Short-Circuit Protection 

• Input Over-Voltage Protection 



r 


OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


G PACKAGE 
CASE 601 



PI SUFFIX 
PLASTIC PACKAGE 
CASE 626 

Offset Null [T ~8] N C 

L package'"'' 3 ^CC 

Output 

Offset 
J—' Null 




H 

[± 


(TOP VIEW) 


1 t ‘ “ N.C [7 




N.C. [2 



iH 

Offset Null [3 



iD 

Inv. Input [T 

- 


3 

Non-lnv. Input 

- 


3 

Vee [7 



3 

N.C. IT 



3 


Offset Null 


REPRESENTATIVE CIRCUIT SCHEMATIC 


VOLTAGE-FOLLOWER PULSE RESPONSE 

































MC1456, MC1456C, MCI 556 




Power Supply Voltage 


Differential Input Voltage Range 


Common>Mode Voltage Range 


Load Current 


Output Short Circuit Duration 


Power Dissipation (Package Limitation) 
Derate above * +25®C 


Operating Temperature Range 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS <Vcc “ +'5 Vdc. Vee = -15 Vdc. = +25°C unless otherwise noted) 


input Bias Current 
Ta = +25°C 

Ta “ T|ovw to Thigh (See Note 1| 


Input Offset Current 
Ta - +2S°C 
Ta*+250c toTh,gh 
Ta " ^low W +25^C 


Input Offset Voltage 
Ta *■ +25®C 

• ^low *rhigh 


Differential Input Impedance (Open-Loop, f * 20 Ha) 
Parallel Input Resistance 
Parallel Input Capacitance 


Comnnon-Mode Input Impedance (f » 20 Hz) 


Common-Mode Input Voltage Range 


Equivalent Input Noise Voltage 

(Av - 100, Rj- 10 k ohms, f - 1 0 kHz, BW » 1.0 Hz) 


Common-Mode Rejection Ratio (f - 100 Hz) 


Open-Loop Voltage Gain, (Vq *±10V.RL=20k ohms) 
Ta - +25^0 
^A “ ^low fo ^high 


(Av - 1, Rl • 2.0 k ohms, THDi5%. Vq = 20 Vp-p) 


Lfnity Gam Crossover Frequency (open-loop) 


Phase Margin (open-loop, unity gam) 


Slew Rate (Unity Gam) 


Output Impedance (f ° 20 Hz) 


Short-Circuit Output Current 


Output Voltage Swing (R|^» 2 Ok ohms) 


Power Supply Rejection Ratio 

Vcc “ constant, Rs ^ 10 k ohms 
VgE = constant, Rs ^ 10 k ohms 


Power Supply Current 


DC Quiescent Power Dissipation 

(Vo“0) 



Note 1 T|ow 0° for MC1456 and MC1456C 
-55°C for MCI 556 

T’high for MC1456 and MC1456C 

+125®C for MCI 556 
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CMRR, COMMON MODE REJECTION RATIO (dB) V|CR, INPUT COMMON MODE VOLTAGE RANGE (VOLTS) 


IVIC1456, MC1456C, MC1556 


TYPICAL CHARACTERISTICS 

(Vcc = +15 Vdc, Vee = -15 Vdc, Ta = +250C unless otherwise noted). 


FIGURE 1 - INPUT COMMON-MODE SWING versus 
POWER SUPPLY VOLTAGE 


FIGURE 2 - SPECTRAL NOISE DENSITY 



±3 0 ±6 0 ±9 0 ±12 ±15 ±18 

Vcc. Vee, POWER supply voltage (Vdc) 



1.0 k 

f, FREQUENCY (Hz) 


FIGURE 3 - COMMON-MODE REJECTION 



1.0 10 100 1.0 It 10 k 100 k 1.0 M 10 M 100 M 

f, FREQUENCY (Hz) 


FIGURE 4 - OPEN-LOOP VOLTAGE GAIN 



-75 -50 -25 0 +25 +50 +75 +100 +125 +150 +175 

Ta, AMBIENT TEMPERATURE (“O 


FIGURE 5 - OPEN-LOOP FREQUENCY RESPONSE 



1.0 10 100 1.0 k 10 k 100 k 1.0 M 10 M 100 M 

f, FREQUENCY (Hz) 


FIGURE 6 - OPEN-LOOP VOLTAGE GAIN 



±5.0 ±10 ±15 ±20 

vcc, Vee, supply voltages (vdc) 
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MC1456, MC1456C, MC1556 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 7 - OPEN-LOOP PHASE SHIFT 



1.0 10 100 1.0 k 10 k 100 k 1.0 M 10 M 100 M 

f, FREQUENCY (Hz) 


FIGURE 8 - OUTPUT SHORT-CIRCUIT CURRENT 



-75 -50 -25 0 t25 +50 +75 +100 +125 +150 +175 

ta, ambient temperature (OC) 


3 


FIGURE 9 - POWER BANDWIDTH 



1.0 10 100 lOk 

f, FREQUENCY (kHz) 


FIGURE 10 - OUTPUT VOLTAGE SWING versus 



100 200 500 1.0 k 2.0 k 5.0 k 10 k 


RL, load resistance (OHMS) 


FIGURE 11 - POWER DISSIPATION versus 



±2.0 ±4.0 ±6 0 ±8.0 ±10 ±12 ±14 ±16 ±18 ±20 ±22 

VCC. VeE, power SUPPLY VOLTAGE (Vdc) 
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MC1456, MC1456C, MC1556 


TYPICAL APPLICATIONS 

Where values are not given for external components they must be selected by the 
designer to fit the requirements of the system. 


FIGURE 12 - INVERTING FEEDBACK MODEL 


FIGURE 13 - NON-INVERTING FEEDBACK MODEL 




Z2 


(-) 



Vi 

r|zi -r 

JV| 

(+) 




Z2 


T1 

L| 


1 j 
Ex < 


Z 0 

1 1 

1 ]- Ao(cj) Ex' Vo I 

u 


RlJ 


IFAoM-~ IFR3«Zt 


Vq Z2 


Ao (tj) 

Z' veryhigh 


FIGURE 14 - LOW-DRIFT SAMPLE AND HDLD 


1 ^TN I 0 pF 

I Polycarbonsle 

SAMPLE J_ 

COMMAND •=■ -15V< 


'Drift due to bias current 
IS tYpically 8 mV/s 


FIGURE 15 - HIGH IMPEDANCE BRIDGE AMPLIFIER 


MCt456.C\^ 

10k 

MC1556 

lOk 










IVIC1456, MC1456C, MCI 556 


TYPICAL APPLICATIONS (continued) 


FIGURE 16- LOGARITHMIC AMPLIFIER 


FIGURE 17 - VOLTAGE OFFSET NULL CIRCUIT 




FIGURE 18 - HIGH INPUT IMPEDANCE, HIGH OUTPUT 
CURRENT VOLTAGE FOLLOWER 
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ORDERING INFORMATION 


Device 

Temperature Range 

Package 

MC1458G,CG,NG 

0°C to +70°C 

Metal Can 

MC1558G,NG 

-55°C to -f 125'’C 

Metal Can 

MC1458CL,CU,L, 

0°C to 4-70°C 

Ceramic DIP 

NL,NU,U 



MC1558L,NL,NU,U 

-SS^C to +125°C 

Ceramic DIP 

MC1458CP1,CP2, 

0°C to -f 70°C 

Plastic DIP 

NP1.NP2,P1,P2 





DUAL MC1741 

INTERNALLY COMPENSATED, HIGH PERFORMANCE 
MONOLITHIC OPERATIONAL AMPLIFIERS 


. . . designed for use as a summing amplifier, integrator, or amplifier 
with operating characteristics as a function of the external feedback 
components. 

• No Frequency Compensation Required 

• Short-Circuit Protection 

• Wide Common-Mode and Differential Voltage Ranges 

• Low-Power Consumption 

• No Latch Up 

• Low Noise Selections Offered — N Suffix 


MAXIMUM RATINGS (T/; = +25°C unless otherwise noted) 


MC1458IVIC1458N 
IVIC1458C 
MC1558MC1558N 


(DUAL MC1741) 

DUAL 

OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


Rating 

Symbol 

'MC1458 

(V1C1558 

Unit 

Power Supply Voltage 

vcc 

+ 18 

+22 

Vdc 


Vee 

-18 

-22 

Vdc 

Input Differential Voltage 

V|D 

±30 

Volts 

Input Common Mode Voltage (Note 1) 

V|CM 

+ 15 

Volts 

Output Short Circuit Duration (Note 2) 

<S 

Continuous 


Operating Ambient Temperature Range 

Ta 

0 to +701 

-55 to+ 125 

“c 

Storage Temperature Range 




°c 

(Metal and Ceramic Packages 

-65 to +150 


Plastic Package 


-55 to *125 


Junction Temperature 

Tj 



mm 

Metal and Ceramic Packages 


175 

Hi 

Plastic Package 


150 




Note 1. For supply voltages less than ± 15 V. the absolute maximum input voltage is equal 
to the supply voltage 

Note 2. Supply voltage equal to or less than 15 V 
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MC1458, MC1458N, MC1458C, IVIC1558, MC1558N 


ELECTRICAL CHARACTERISTICS - Note 1.(Vcc = 15 V. Vgg = 15 V, Ta = 25°C unless otherwise noted). 


MC1558 I MC1458 


^^9 ^^9 ^^01 ^^9 CBQI ^^9 ^^91 


Input Offset Voltage 
(RS < 10 k) 


Input Offset Current 


Input Bias Current 


Input Resistance 


Input Capacitance 


Offset Voltage Adjustment Range 


Common Mode Input Voltage Range 


Large Signal Voltage Gain 
(Vo = ±10 V, Rl= 2.0 k) 

(Vo = ±10V,Rl= 10 k)_ _ 


Output Resistance 


Common Mode Rejection Ratio 

(Rs<10k) _ 


Supply Voltage Rejection Ratio 
(Rc < 10 k) 


Output Voltage Swing 
(Rl > 10 k) 

(Rl > 2 k) 


Output Short-Circuit Current 


Supply Currents (Both Amplifiers) 


Power Consumption 


Transient Response (Unity Gain) 

(V| = 20mV, Rl > 2kfi, Cl < 100 pF) Rise Time 
(Vj = 20mV, Rl > 2 kn, Cl < 100 pF) Overshoot 
(Vj = 10 V, Rl > 2 kJl, Cl < 100 pF) Slew Rate 


ELECTRICAL CHARACTERISTICS (Vcc = 15 V, Vge* 15 V,Ta = ‘ThightoTiow 






unless otherwise noted). 





Input Offset Voltage 
(Rc < lOkfi) 


Input Offset Current 
(Ta = 125°C) 

(Ta = -55°C) 

(Ta = 0 °C to -l■70°C)_ 


Input Bias Current 
(Ta = 1 25°C) 

(Ta = -55°C) 

(Ta = 0°C to ■r70°C) 


Common Mode Input Voltage Range 


Common Mode Rejection Ratio 
(Rc < 10 k) 


Supply Voltage Rejection Ratio 
(Rq < 10 k) 


Output Voltage Swing 
(Rl > 10 k) 

(Rl > 2 k)_ 


Large Signal Voltage Gam 
(Vo = ±10 V, Rl= 2 k) 
(Vo = ±10 V, Rl = 10 k) 


Supply Currents (Both Amplifiers) 
(Ta = 125°C) 

(Ta = -55°C) 


Power Consumption 


(Ta = 125°C) 
(Ta = -55°C) 


•Thigh = 125°Cfor MCI 558 and 70°C for MC1458, MC1458C 
Tinw = -55°C for MCI 558 and 0°C for MC1458, MC1458C 


Note 1. Input pins of an unused amplifier must be grounded. 


























































































MC1458, MC1458N, MC1458C, MC1558, MC1558N 


NOISE CHARACTERISTICS (Applies for MC1558N and MC1458N only, Vcc = 15 V, Vge = -15 V, Ta = 25°C) 


Characteristic 

Symbol 

Burst Noise (Popcorn Noise) 

(BW = 1.0 Hz to 1.0 kHz, t = 10 s, 

Rs = 100 kf2) (Input Referenced) 

En 



M C1458N _ 

Typ I Max Unit 


20 


FIGURE 1 - BURST NOISE versus SOURCE RESISTANCE 


FIGURE 2 - RMS NOISE versus SOURCE RESISTANCE 
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FIGURE 3 - OUTPUT NOISE versus SOURCE RESISTANCE 


FIGURE 4 - SPECTRAL NOISE DENSITY 
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FIGURE 5 - BURST NOISE TEST CIRCUIT (N Suffixed Devices Only) 



For applications where low noise performance is essential, selected 
devices denoted by an N suffix are offered These units have been 
100 % tested for burst noise pulses on a special noise test system 
Unlike conventional peak reading or RMS meters, this system was 
especially designed to provide the quick response time essential to 
burst (popicorn) noise testing. 


To Pass/Fail 
Indicator 


Negative 

Threshold 

Voltage 

The test time employed is 10 seconds and the 20 pV peak 
limit refers to the operational amplifier input thus eliminating 
errors in the closed-loop gain factor of the operational amplifier 
under test 









































MC1458, MC1458N, MC1458C, MC1558, IV1C1558N 


TYPICAL CHARACTERISTICS 

(Vcc = ■*■15 Vdc, VgE = -15 Vdc, T/^ = +25°C unless otherwise noted) 


FIGURE 6 -POWER BANDWIDTH 
(LARGE SIGNAL SWING versus FREOUENCV) 


TIBIIMIIlMllllliMilli l 


IHill 


FIGURE 7 - OPEN LOOP FREOUENCY RESPONSE 


I, FREQUENCY (Ht) 


f, FREQUENCY (Ht) 


FIGURE 8 - POSITIVE OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 


FIGURE 9 - NEGATIVE OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 
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FIGUREllO - OUTPUT VOLTAGE SWING versus 
LOAD RESISTANCE (Single Supply Operation) 
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FIGURE 11 - SINGLE SUPPLY INVERTING AMPLIFIER 
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MC1458, MC1458N, MC1458C, MC1558, MC1558N 



lOps/DIV 


F=IGURE 13 - TRANSIENT RESPONSE TEST CIRCUIT 



To Scope 
(Output) 


FIGURE 14 - OPEN LOOP VOLTAGE GAIN 
versus SUPPLY VOLTAGE 



0 20 40 6 0 80 10 12 14 16 18 20 

VCC. IVeeI. supply VO LTAG ES (VO LTS) 
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ORDERING INFORMATION 


Device 


MC1458SG 

MC1458SL 

MC1458SP1 

MC1458SP2 

MC1458SU 

MC1558SG 

MC1558SL 

MC1558SU 


Temperature Range 


O'C to +70°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
-SS^C to +125°C 
-55°C to +125°C 
-SS'C to +125°C 


Package 


Metal Can 
Ceramic DIP 
Plastic DIP 
Plastic DIP 
Ceramic DIP 
Metal Can 
Ceramic DIP 
Ceramic DIP 



458S 

558S 


DUAL HIGH SLEW-RATE INTERNALLY- 
COMPENSATED OPERATIONAL AMPLIFIERS 


The MC1558S is functionally equivalent, pin compatible, and 
possesses the same ease of use as the popular MCI558 circuit, yet 
offers 20 times higher slew rate and power bandwidth. This device is 
ideally suited for D/A converters due to its fast settling time and 
high slew rate. 

• High Slew Rate — 10 V/ps Guaranteed Minimum (for inverting 

unity gain only) 

• No Frequency Compensation Required 

• Short-Circuit Protection 

• Offset Voltage Null Capability 

• Wide Common-Mode and Differential Voltage Ranges 

• Low Power Consumption 

• No Latch-Up 


TYPICAL APPLICATION OUTPUT CURRENT TO 
VOLTAGE TRANSFORMATION FOR A O-TO-A CONVERTER 


OPERATIONAL AMPLIFIERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


G SUFFIX 
METAL PACKAGE 
CASE 601 


Inverting ^ 
Input A 

Non-Inverting ^ 
Input A 



J Non-Inverting 
Input B 


= 5.0 V 


= 2.0 Vdc 
R1 R2 SE 1.0 kn 
Hq = 5.0 kO. 


MSB A1 5 
A2 6 



Settling time to within 1/2 LSB (±19 5 mV) is approxi¬ 
mately 4.0 MS from the time that all bits are switched 
•The value of C may be selected to minimize overshoot 
and ringing (C 68 pF). 


Theoretical Vq 

Vref fAl A2 A3 A4 A5 A6 A7 A8 1 

Vn = — (Rq) — + — + — + — + — + — + — + — 

^ R1 [ 2 4 8 16 32 64 128 256] 

Adjust Vfef« Rl or Rq so that Vq with all digital inputs at high level 
IS equal to 9.961 volts. 

2V fill 1*1 1 1 ll r 2551 

Vq =- (5 k -+-+- +-+ — + — F-+- = 10 V I-1= 9.961 V 

^ Ik [ 2 4 8 16 32 64 128 256] 



LSUFI^IX 

CERAMIC PACKAGE 
CASE 632 
TO-116 


P2 SUFFIX 
PLASTIC PACKAGE 
CASE 646 
(MC1458Sonlv) 


Non-Inverting 
Input A 


PI SUFFIX 

PLASTIC PACKAGE 
CASE 626 
(MC1458S Only) 



U SUFFIX 

CERAMIC PACKAGE 
CASE 693 


Inverting 
Input B 
Non-I nvertmg 
Input B 


Output A |l 


Non-Inverting 

Input A LJ 


Inverting 
—i Input B 

□ Non-Inverting 
Input B 


















MC1458S, MC1558S 


MC1558S LARGE-SIGNAL TRANSIENT RESPONSE 
(Inverting Mode) 



STANDARD MC1558 versus MC1558S RESPONSE COMPARISON 
(Inverting Mode! 
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MAXIMUIVI RATINGS (Ta = +25°C unless otherwise noted.) 


Rating 


Power Supply Voltage 


Input Differential Voltage Range 


Output Short Circuit Duration 


Operating Ambient Temperature Range 


Storage Temperature Range 


Junction Temperature Ceramic and Metal Package 

Plastic Package 


MC1558S 


+22 

-22 


MC1458S 


+ 18 
-18 


30 


15 


Continuous 


-55 to+125 Oto+70 


-65 to+150 -65 to+150 


75 175 

50 150 


Note 1. For supply voltages less than ±15 Vdc, the absolute maximum input voltage is equal to the supply voltage. 
Note 2. Supply voltage equal to or less than 15 Vdc. 
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MC1458S, MC1558S 



ELECTRICAL CHARACTERISTICS (Vqq - +15 Vdc, Vg£ = -15 Vdc, = +25®C unless otherwise noted ) 


Characteristic 

Symbol 


Power Bandwidth (See Figure 3) 

BWp 


Ay - 1. R|_ = 2 0 kn, THD = 5%, Vq = 20 V(p-p) 


150 

Large-Signal Transient Response 



Slew Rate (Figures 10 and 11) 

SR 


V(-) to V(+) 


10 

V(+) to V(-) 


10 

Settling Time (Figures 10 and 11) 

^setlg 

- 

(to within 0 1%) 



Small-Signal Transient Response 



(Gain - 1, E,n = 20 mV, see Figures 7 and 8) 



Rise Time 

‘TLH 


Fall Time 

'THL 


Propagation Delay Time 

'PLH.'PHL 


Overshoot 

OS 


Short-Circuit Output Currents 

'OS 


Open-Loop Voltage Gain (R (_ = 2 0 kn) (See Figure 4) 

Avol 


Vq - ±10 V 


50,000 

Output Impedance (f = 20 Hzl 

^0 

- 

Input Impedance (f - 20 Hz) 

z, 


Output Voltage Swing 

vo 

1 

Rl ’ 10 kn 


±12 

Rl = 2 0 kn 


±10 

Input Common-Mode Voltage Swing 

V|CR 


Common-Mode Rejection Ratio (( = 20 Hz) 

CMRR 


Input Bias Current (See Figure 21 

'IB 

_ 

Input Offset Current 

I'lOl 

_ 

1 nput Offset Voltage (Rg = ^ 10 kn) 

|V|Ol 

- 

DC Power Consumption (See Figure 9) 

Pc 

1 

1 

(Power Supply = ±15 V, Vq = 0) 



Positive Voltage Supply Sensitivity 

PSS+ 


(Vee constant) 


- 

Negative Voltage Supply Sensitivity 

PSS- 


(Vqc constant) 


- 




••Plastic package offered in limited temperature range device only 

ELECTRICAL CHARACTERISTICS (Vcc = 15 Vdc, Vee =-15 Vdc.T^ =-55 to +125°Cfor MC1558S andTA = 0to 70°C for 
_MCI4585, unless otherwise noted.)_ 


Characteristic 

Open Loop Voltage Gam 
Vo = ±10V 
Output Voltage Swing 

Rl = 10 kn 

Rl = 2 kn 

Input Common-Mode Voltage Range 
Common-Mode Rejection Ratio (f = 20 Hz) 
Input Bias Current 
Ta = 125°C 
Ta = -55°C 
Ta = 0 to 70°C 
Input Offset Current 
Ta = 125°C 
Ta = -55°C 
Ta = 0 to 70°C 
Input Offset Voltage 
Rg < 10 kO 
DC Power Consumption 
Vo = 0 V 

Positive Power Supply Sensitivity 

Vee = -15 V _ 

Negative Power Supply Sensitivity 
Vcc = 15 V 


Symbol 


Avol 

25.000 


Vo 

V|CR 

CMRR 

'IB 

•lO 

V|0 

Pc 

Pss+ 

Pss- 


12 

10 



MC1558S 





500 

1500 


200 

500 


R n 


200 


150 


150 










































































































































PEAK OUTPUT VOLTAGE FOR < 5%THD (VOLTS) 


MC1458S, MC1558S 


TYPICAL CHARACTERISTICS 

(Vqc = +15 Vdc, Vee = -15 Vdc, Ta = +25°C unless otherwise noted.) 


FIGURE 1 - OFFSET ADJUST CIRCUIT 


FIGURE 2 - INPUT BIAS CURRENT versus TEMPERATURE 




FIGURE 3 - POWER BANDWIDTH - NONDISTORTED 
OUTPUT VOLTAGE versus FREQUENCY 




ID 10 100 1.0 k 10 k 100 k 1.0 M 10 M 

f, FREQUENCY (Hz) 


FIGURE 5 - OUTPUT NOISE versus 
SOURCE RESISTANCE 



0l _I_' ' ' ' " " ^-----n-T-riT-T-m 

100 10k 10 k 100 k 

RS, SOURCE RESISTANCE (OHMS) 
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Pc, POWER CONSUMPTION (mW) 


MC1458S, MC1558S 


TYPICAL CHARACTERISTICS 

(Vcc = +15 Vdc, Vee = -15 Vdc, = +25°C unless otherwise noted.) 


FIGURES - SMALL-SIGNAL TRANSIENT 
RESPONSE DEFINITIONS 



FIGURE 7 - SMALL-SIGNAL TRANSIENT RESPONSE 



FIGURE 9 - LARGE-SIGNAL TRANSIENT WAVEFORMS 



Vcc and VeE, POWER SUPPLY VOLTAGE (VOLTS) 


FIGURE 10 - SLEW RATE AND SETTLING TIME TEST CIRCUIT* 


10 k* 
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IVIC1458S, MC1558S 


SETTLING TIME 

In order to properly utilize the high slew rate and fast 
settling time of an operational amplifier, a number of 
system considerations must be observed. Capacitance at 
the summing node and at the amplifier output must be 
minimal and circuit board layout should be consistent 
with common high-frequency considerations. Both power 
supply connections should be adequately bypassed as 
close as possible to the device pins. In bypassing, both 
low and high-frequency components should be con¬ 
sidered to avoid the possibility of excessive ringing In 
order to achieve optimum damping, the selection of a 
capacitor in parallel with the feedback resistor may be 
necessary. A value too small could result in excessive 
ringing while a value too large will degrade slew rate and 
settling time. 

SETTLING TIME MEASUREMENT 


The solution to these problems is the creation of a 
second or "false" summing node. The addition of two 
diodes at this node clamps the error voltage to limit the 
voltage excursion to the oscilloscope. Because of the 
voltage divider effect, only one-half of the actual error 
appears at this node. For extremely critical measure¬ 
ments, the capacitance of the diodes and the oscilloscope, 
and the settling time of the oscilloscope must be con¬ 
sidered. The expression 

tsetig = s/x^ -I- y2 + z2 

can be used to determine the actual amplifier settling 
time, where 

fsetig “ observed settling time 

X = amplifier settling time (to be determined) 
y = false summing junction settling time 
z = oscilloscope settling time 


In order to accurately measure the settling time of an 
operational amplifier, it is suggested that the "false" 
summing junction approach be taken as shown in 
Figure 11. This is necessary since it is difficult to de¬ 
termine when the waveform at the output of the op¬ 
erational amplifier settles to within 0.1% of it's final 
value. Because the output and input voltages are ef¬ 
fectively subtracted from each other at the amplifier 
inverting input, this seems like an ideal node for the 
measurement. However, the probe capacitance at this 
critical node can greatly affect the accuracy of the 
actual measurement. 


It should be remembered that to settle within ±0.1% 
requires 7RC time constants. 

The ±0.1% factor was chosen for the MC1558S 
settling time as it is compatible with the ±1/2 LSB 
accuracy of the MC1508L-8 digital-to-analog converter. 
This D-to-A converter features ±0.19% maximum error. 


TYPICAL APPLICATION 

FIGURE 13 - 12.5-WATT WIDEBAND POWER AMPLIFIER 

■hb V 


FIGURE 11 - WAVEFORM AT 
FALSE SUMMING NODE 
(Inverting Mode) 



1 OiiS/DIV 


FIGURE 12 - EXPANDED WAVEFORM AT 
FALSE SUMMING NODE 
(Inverting Model 



1 OjiS/DIV 
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OPERATIONAL AMPLIFIER 

. . . designed for use as a summing amplifier, integrator, or amplifier 
with operating characteristics as a function of the external feed¬ 
back components. 

• High-Performance Open Loop Gam Characteristics 

Ayol = 45,000 typical 

• Low Temperature Drift — ±3.0 /iV/°C typical (l\/IC1709) 

• Large Output Voltage Swing — ±14 V typical @ ±15 V Supply 

• Low Output Impedance — Zq = 150 ohms typical 


OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


PIN CONNECTIONS 
input Freq Comp. 
Input Freq. 

Comp Cv 
Inv. lnput(2V 


(7)Vcc 

•’“■(^Output 

^^^Output 

Freq. Comp. 


MAXIMUM RATINGS (Ta +25°C unless otherwise noted ) 


Rating 


Power Supply Voltage V^c 

vee 


Input Differential Voltage Range 


Input Common-Mode Range 


Output Load Current 


Output Short-Circuit Duration 


Power Dissipation (Package Limitation) Pq 

Metal Can 

_Derate above = -i-25°C__ 


Flat Package 

Derate above T/\ = -t-25°C 
Plastic Dual In-Line Packages (MCI 709C only) 
Derate above = •r25°C 
Ceramic Dual In-Line Package 
Derate above T/\ = -r25°C 


Operating Ambient MC1709A, MC1709 T;\ 

Temperature Range MC1709C 


Storage Temperature Range 
Metal and Ceramic Packages 
Plastic Packages 



G SUFFIX 
METAL PACKAGE 
CASE 601 


F SUFFIX 

CERAMIC PACKAGE 
CASE 606-04 




N C. 1 
In Freq Comp 2 
Inv. Input 3 
Non-lnv In 4 
VEE 51 


PI SUFFIX 
PLASTIC PACKAGE 
CASE 626 
(MC1709C only) 


10 N C. 

9 In Freq Comp. 

8 Vcc 
7 Output 
6 Out Freq. 
Comp 



-65 to -nso 
-55 to-1-125 


U SUFFIX 

CERAMIC PACKAGE 
CASE 693 



Input Freq. j— 

Comp. L2_ 

Inv. Input 0 
Norvinv. Input I 3 



—Input Freq. 
^1 Comp. 

Z] ''cc 

1—^ Output 

Output Freq. 
_— Comp. 


L SUFFIX 

CERAMIC PACKAGE 
CASE 632-02 
TO-116 
14 ] N C. 

^ N.C. 

—I Input Freq. 

^ Comp. 

ij] Vcc 























































MC1709, IVIC1709A, MC1709C 


ELECTRICAL CHARACTERISTICS (unless otherwise noted. 9 0V ^ Vcc ^ 15 V, -9.0 V ^ ^-15V,Ta = 25°C) 




MC1709A 

MC1709 


Characteristic 

Symbol 


Typ 

Max 

1201 

Typ 

■231 

Unit 

Input Offset Voltage 

V|0 

- 


2.0 

- 

1.0 

50 

mV 

(Rs < 10 kn) 



■■ 






Input Offset Current 

•lO 

- 

10 

50 

- 

50 

||[|^^1 

nA 

Input Bias Current 

*IB 

- 

100 

200 

- 

200 


nA 

ln[3ut Resistance 

r, 

350 

700 

- 


400 

- 

kn 

Output Resistance 

ro 

- 

150 

- 

- 

150 

- 

n 

Power Supply Currents 

•CC.'EE 

- 

25 


- 

- 

- 

mA 

(Vcc = 15 V, Vee = -15 V) 




■1 





Power Consumption 

Pc 

- 

75 

108 

- 

80 

165 

mW 

(Vcc = 15 V, Vee = -is v) 









Transient Response 









(Vcc = 15 V, Vee = -is V) see Figure 8 









Risetime 

iTLH 



1.5 


0.3 

1.0 

MS 

Overshoot 

OS 



30 

mi 

10 

30 

% 


ELECTRICAL CHARACTERISTICS (unless otherwise noted, 9.0 V <Vcc <15 V. -9 0 V>Vee >-15 V, Ta = -55°C to +125°C) 


Characteristic 

Symbol 

MC1709A 1 


BISSI 

Max 

Input Offset Voltage 

V|0 

- 

- 

3.0 

(Rs < 10 kn) 





Average Temperature Coefficient of input Offset Voltage 

mVjq/^T 




(Rs = 50 n, Ta = 25°C to 125°C) 



1.8 

10 

(Rs = 50 n, Ta = -55°c to 25°C) 



1.8 

10 

(Rs = 50 n, Ta = -55°c to 125°C) 



- 

- 

(Rs = 10 kn, Ta = 25°c to 125°C) 



2.0 

15 

(Rs = 10 kn, Ta = -55°C to 25°C) 



4.8 

25 

(Rs = 10 kn, Ta = -55°C to 125°C) 



- 

- 

Input Offset Current 

'lO 




(Ta = -55°C) 



40 

250 

(Ta = 125°C) 


m^i 

35 

50 

Average Temperature Coefficient of Input Offset Current 

^llO/'^T 




(Ta = -55°C to 25°C) 



0.45 

28 

(Ta = 25°C to 125°C) ' 


H^l 

0.08 

0.5 

Input Bias Current 

■iB 

- 

300 

600 

(Ta = -55°C) 





Input Resistance 

r, 

85 

170 

- 

(Ta = -55°C) 





Input Common-Mode Voltage Range 

V|CR 

+8 0 

+ 10 

- 

(Vcc= 15 V,Vee = -15V) 





Common Mode Rejection Ratio 

cmrr 

80 

110 

_ 

(Rs<io kn) 





Supply Voltage Rejection Ratio 

PSRR 

- 

40 

100 

(Vcc = 15 V, Vee = -is v, Rs<io kn) 





Large Signal Voltage Gam 

Av 

25 

45 

70 

(Vcc = 15 V, Vee = -i5 v, rl> 2 0 kn. 





Vo= ±15V) 





Output Voltage Range 

VOR 




(Vcc = 15 V, Vee = -is v) 





(Rl>io kn) 


+ 12 

+ 14 


(RL>20kn) 


+ 10 

+ 13 

mi 

Power Supply Currents 

'cc^'ee 

IBB 



(Vcc = 15 V, Vee = -i5 v) 



WM 


(Ta = -55°C) 



KM 

4.5 

(Ta= 125°C) 



2.1 

3.0 

Power Consumption 

Pc 

Bi^h 



(Vcc = 15, Vee = -15 V) 





(Ta = -55°C) 



81 

135 

(Ta = 125°C) 


IHI 

63 

90 
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MC1709, MC1709A, MC1709C 


ELECTRICAL CHARACTERISTICS (unless otherwise noted, = 15 V, = -15 V, T/^ = 25°C) 




MC1709C 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Input Offset Voltage 

V|0 

- 

2.0 

7.5 

mV 

(Rs < 10 kn, 9.0 V < 15 V, -9.0 V > Vee > -15 V) 






Input Offset Current 

•lO 

- 

100 

500 

nA 

Input Bias Current 

*IB 

- 

300 

1500 

nA 

Input Resistance 

t| 

50 

250 

- 

kn 

Output Resistance 

'’o 

- 

150 

- 

n 

Power Consumption 

Pc 

- 

80 

200 

mW 

Large Signal Voltage Gain 

Av 

15 

45 

- 

V/mV 

(Rl> 2.0 kn, Vo = ±10V) 






Output Voltage Range 

VOR 




V 

(Rl>io kn) 


±12 

±14 

- 


(Rl .>2 0 kn) 


±10 

±13 

- 


Input Common-Mode Voltage Range 

V|CR 

±8.0 

±10 

- 

V 

Common Mode Rejection Ratio 

CMRR 

65 

90 

- 

dB 

(Rs <10 kn) 






Supply Voltage Rejection Ratio 

PSRR 

- 

25 

200 

pV/V 

(Rs <10 kn) 






Transient Response 






See Figure 8 

Rise Time 

Ttuh 


0.3 

_ 

MS 

Overshoot 

OS 

- 

10 

- 

% 


ELECTRICAL CHARACTERISTICS (unless otherwise specified, S/qq = 15 V, = -15 V, T/\ = 0°C to 70°C) 


Parameter 

Symbol 

MC1709C 

Unit 

Min 

Typ 

Max 

Input Offset Voltage 

(Rs < 10 kn, 9.0 V < Vcc < 15 V, -9 0 V > Vee > 15 V) 

V|0 

- 

“ 

10 

mV 

Input Offset Current 

l|0 

- 

- 

750 

nA 

Input Bias Current 

•iB 

- 

- 

2.0 

mA 

Large Signal Voltage Gam 

(Rl > 2.0 kn, Vq = ± 10 V) 

Av 

12 



V/mV 

Input Resistance 

n 

35 

- 

- 

kn 




































































































SLEW RATE (V/ms) k\j, VOLTAGE GAIN (dB) Vq, OUTPUT VOLTAGE (Volts peak to peak) 


MC1709, MC1709A, MC1709C 


FIGURE 3 - LARGE SIGNAL SWING versus FREQUENCY 



100 1.0 k 10 k 100 k 10M 10M 

f, FREQUENCY (Hz) 


FIGURE 5 - OPEN LOOP VOLTAGE 
GAIN versus FREQUENCY 



100 10k 10 k 100 k 10M 10 M 

f, FREQUENCY (Hz) 


FIGURE 7 - SLEW RATE versus CLOSED LOOP GAIN 
USING RECOMMENDED COMPENSATION NETWORKS 



CLOSED LOOP GAIN (VOLTS) 


FIGURE 4 - CLOSED LOOP VOLTAGE 
GAIN versus FREQUENCY 



100 10k 10 k 100 k 1.0 M 10 M 


(.FREQUENCY (Hz) 


FIGURE 6 - VOLTAGE GAIN versus 
POWER SUPPLY VOLTAGE 



0 50 10 15 20 

VCC and VeE, POWER SUPPLY VOLTAGE (VOLTS) 


FIGURE 8 - TRANSIENT RESPONSE TEST CIRCUIT 

10k 
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ORDERING INFORMATION 


MC1712F 

MC1712G 

MC1712L 

MC1712CF 

MC1712CG 

MC1712CL 

MC1712CP 


Temperature Range 

-55°C to +125“C 
-55°C to +125‘>C 
-55°C to +125‘'C 
0°C to +70°C 
0°C to +70°C 
O'C to +70°C 
O^C to +70''C 


Package 

Ceramic Flat 
Metal Can 
Ceramic DIP 
Ceramic Flat 
Metal Can 
Ceramic DIP 
Plastic DIP 


MC1712 

MC1712C 



WIDEBAND DC AMPLIFIER 

. . designed for use as an operational amplifier utilizing operating 
characteristics as a function of the external feedback components. 

• Open Loop Gam A\/OL " 3600 typical 

• Low Temperature Drift — ±2.5 /iV/°C 

• Output Voltage Swing — 

±5.3 V typical @ +12 V and -6 V Supplies 

• Low Output Impedance —Zq = 200 ohms typical 


WIDEBAND DC AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


G SUFFIX 
METAL PACKAGE 
CASE 601 



MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 
(Total between V^q and Vgg terminals) 

IVccI + (VeeI 

21 

Vdc 

Input Differential Voltage Range 

Vi 

±5 0 

Volts 

Input Common Mode Range 

VlCR 

+ 1.5 

Volts 



-6.0 


Peak Load Current 

'L 

50 

mA 

Po/ver Dissipation (Package Limitation) 

pd 



Metal Package 


680 

mW 

Derate above Ta = +25°C 


4.6 

mW/°C 

F lat Ceramic Package 


500 

mW 

Derate above Ta = +25°C 


3.3 

mW/°C 

Dual In-Line Ceramic Package 


625 

mW 

Derate above Ta = +25°C 


50 

mW/°C 

Operating Ambient MC1712 

Ta 

-55 to +125 

°C 

Tempierature Range MC1712C 


0 to +70 


Storage Temperature Range 

^stg 

-65 to +150 

°c 



Vee 

(TOP VIEW) 


FSUFFIX 

CERAMIC PACKAGE 
CASE 606 
TO-91 


N.C. 1 
Gnd 2 
Inv. Input 3 
Non-Inv. Input 4 
Vee 5 


P SUFFIX 

PLASTIC PACKAGE 
CASE 646 




10 Vcc 
9 N.C. 

8 Output 
7 Lag Comp. 

6 Lead Comp. 



L SUFFIX 

CERAMIC PACKAGE 
CASE 632 
TO-116 


R-99 













































IVIC1712, MC1712C 


MC1712 ELECTRICAL CHARACTERISTICS 25°C unless otherwise specified) 




Vcc = 

12 V, Vee ■= 

-6.0 V 

Characteristic 

Symbol 

Min 

Typ 

Max 

Input Offset Voltage 

V|o 

_ 

0.5 

2.0 

(RS<2kn) 





Input Offset Current 

ho 

- 

180 

500 

Input Bias Current 

■iB 

- 

2.0 

5.0 

Input Resistance 

fl 

16 

40 

- 

Input Voltage Range 

V| 

-ul.0 

- 

-to .5 

Common Mode Rejection Ratio 

CMRR 

80 

100 

_ 

(RS< 2 kn,f < 1 kHz) 





Large Signal Voltage Gain 

AvOL 




(Rl> 100 kO, Vou, = ±5.0 V) 


2000 

3600 

— 

(Rl> 100kI2,Vout= ±2.5 V) 


- 

- 

- 

Output Resistance 


- 

200 

500 

Supply Current 

•o 

- 

5.0 

6.7 

(Vout = 01 




Power Consumption 

Pc 

- 

90 

120 

(Vout = 0) 




Transient Response (Unity-Gain) 





(Cl = 0.01 mF, R1 = 20 n. Rl < 100 kSi, 

V|n = 10 mV, Cl ^ 100 pF) 


■ 



Rise Time 

«TLH 


25 

120 

Overshoot 

OS 


10 

50 

Transient Response (xlOO Gain) 





(C3 = 50 pF, Rl > 100 kn, V,n =■ 1 mV) 





Rise Time 

«TLH 


10 

30 

Overshoot 

OS 


20 

40 


The following specifications apply for -55°C < < +125°C: 


Input Offset Voltage 
(Rs<2kn) 

V|0 

- 

- 

mi 

Average Temperature Coefficient 


|B||^BB 

^BBB 


of Input Offset Voltage 

AV|oMT 




(Rs = 50 n. Ta = 25°C to 125°C) 




10 

(Rs = 50 n, Ta = 25°C to -55°C) 


Hii^l 


10 

Input Offset Current 

ho 




(Ta = +125°C) 



80 ' 

500 

(Ta = -55°C) 


mE^i 

400 

1500 

Average Temperature Coefficient 


B^^BB 



of Input Offset Current 

AIiq/AT 




(Ta = 25°C to+125°C) 



1.0 

5.0 

(Ta = 25°C to -55°C) 


III^^B 

3.0 

16 

Input Bias Current 

he 




(Ta = -55°C) 


- 


10 

Input Resistance 

r, 

6.0 

- 

- 

Common Mode Rejection Ratio 

CMRR 

70 

95 

_ 

(Rs< 2kn,f < 1 kHz) 





Supply Voltage Rejection Ratio 





(Vcc = 12 V, Vee = -6-0 V to Vcc =6.0 V, 





Vee = -3.0 V, Rs< 2 kn) 

PSRR 

- 

75 

200 

Large Signal Voltage Gain 

AvOL 



BH^B 

(RL> 100 kn,Vou|= ±5.0 V) 


2000 

— 


(Rl> 100 kn, Vout= *2.5 V) 


- 

- 


Output Voltage Swing 

Vo 

BB 

BB 


(Rl> 100 kn) 




- 

(Rl^ 10 kn) 


mM 

BB 

- 

Supply Current 



^^^BB 


(TA = +125°C,Vout = 0) 

■o 



6.7 

(Ta = -55°C, Vout = 0) 




7.5 

Power Consumption 

Pc 




(Ta = +125°C, Vout = 0) 



80 

120 

(TA = -55OC,Vout = 0l 



90 

135 




Unit 


mV 


nA 


dB 



mV 

pV/°C 

PV/°C 

nA 

nA 

nA/°C 

nA/°C 

mA 

kn 

dB 

uv/v 


V 

V 

< < 

E E 

mW 

mW 


3-100 




















































































































































MC1712, MC1712C 


MC1712C ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise specified) 




Vcc = 

12V,Vee ’ 

Characteristic 

Symbol 

Min 

Typ 

Input Offset Voltage 

V|0 


1.5 

(Rs < 2 krt) 



Input Offset Current 

'lO 

- 

0.5 

Input Bias Current 

■iB 

- 

2.5 

Input Resistance 


10 

32 

Input Voltage Range 

V| 

-4.0 

- 

Common Mode Rejection Ratio 

CMRR 

70 

92 

(RS< 2kn,f < 1 kHz) 




Large Signal Voltage Gam 

Avol 



(Rl> 100 kn. Vqu, = ±5.0 V) 


2000 

3400 

(Rl > 100 kn, Vqu, = ±2.5 V) 


- 

- 

Output Resistance 

^0 

- 

200 

Supply Current 

*D 

— 

5.0 

(Vout^O) 




Power Consumption 

Pc 

_ 

90 

IVout = 0) 



Transient Response (Unity-Gain) 




(Cl = 0.01 uF, R| = 20 n. Rl < 100 kU, 

V|n = 10 mV, Cl < 100 pF) 




Rise Time 

*TLH 


25 

Overshoot 

OS 

^1^11 

10 

Transient Response (xlOO Gain) 




(C3 = 50 pF, Rl > 100 kn, V|n = 1 mV) 




Rise Time 

ITLH 


i 10 

Overshoot 

OS 

lEH 

20 


The following specifications apply for 0°C < Ta < +70°C 


Input Offset Voltage 

(Rs< 2kn) 

V|0 

- 

- 

Average Temperature Coefficient 
of Input Offset Voltage 
(Rs = 50 n, Ta = +70°C to 0°C) 

AV,o/AT 


5.0 

Input Offset Current 

'lO 

- 


Average Temperature Coefficient 
of Input Offset Current 
(Ta = 25°C to +70°C) 

(Ta = 25°c to 0°C) 

AIjq/AT 

■ 

m 

Input Bias Current 
(Ta = 0°CI 

<IB 

_ 

4.0 

Input Resistance 

n 

6.0 

18 

Common Mode Reiection Ratio 
(Rs< 2kn,f < 1 kHz) 

CMRR 

6.5 

86 

Supply Voltage Rejection Ratio 

(Vcc = ’2 V, Vee = -6.0 V to Vgc = 6.0 V, 
Vee = -3 0 V, Rs < 2 kn) 

PSRR 


90 

Large Signal Voltage Gain 

(Rl > 100 kn, Vout = iS.o v) 

(Rl > 100 kn, Vout= ‘2.5 V) 

AvOL 

1500 

- 

Output Voltage Swing 

(Rl > 100 kn) 

(Rl > 10 kn) 

Vo 

m 

±5.3 

±4.0 

Supply Current 

IVout=0) 

'd 

- 


Power Consumption 

fVout = 0) 

Pc 

- 

90 
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Vo. OUTPUT VOLTAGE SWING (Vp_p) A,. VOLTAGE GAIN (dB) Avol.OPEN-LOOP VOLTAGE GAIN (V/V) 


IV1C1712, MC1712C 


TYPICAL OUTPUT CHARACTERISTICS 
(Vcc " 12 Vdc. Vee “ -6.0 Vdc, - +25°CI 


FIGURE 1 - OPEN LOOP GAIN versus 
POWER SUPPLY VARIATIONS 


FIGURE 2 - OPEN LOOP VOLTAGE GAIN 
versus FREQUENCY 




I, FREQUENCY (Hz) 


FIGURE 3 - VOLTAGE GAIN versus FREQUENCY 



f. FREQUENCY (MHz) 


FIGURE 4 - MAXIMUM OUTPUT SWING 
versus FREQUENCY 


FIGURE 5 - OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 



001 01 02 05 1.0 10 

I, FREQUENCY (MHz) 



100 10k 20k 50k 10k 100 k 

Ri. LOAD RESISTANCE (OHMS) 
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1 V|0 1, INPUT OFFSET VOLTAGE (mV) 1 ^ i^p^j CURRENT (;jA) 


MC1712, MC1712C 


TYPICAL CHARACTERISTICS(contmued) 


FIGURE 6 - INPUT BIAS CURRENT 



-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 


Ta. AMBIENT TEMPERATURE (“O 


FIGURE 7 - INPUT OFFSET CURRENT 
versus TEMPERATURE 



-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 

T;^, AMBIENT TEMPERATURE i°C) 


FIGURE 8 - INPUT OFFSET VOLTAGE 
versusTEMPERATURE 



-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 

T;^, AMBIENT TEMPERATURE (“Cl 


FIGURE 9 - OUTPUT NOISE VOLTAGE 
versus SOURCE IMPEDANCE 
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See last page of data sheet for ordering information. 


MC1741,MC1741C 

MC1741N,MC1741NC 


INTERNALLY COMPENSATED, HIGH PERFORMANCE 
OPERATIONAL AMPLIFIERS 

... designed for use as a summing amplifier, integrator, or amplifier with 
operating characteristics as a function of the external feedback 
components. 

• No Frequency Compensation Required 

• Short-Circuit Protection 

• Offset Voltage Null Capability 

• Wide Common-Mode and Differential Voltage Ranges 

• Low-Power Consumption 

• No Latch Up 

• Low Noise Selections Offered — N Suffix 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 


Rating 

Symbol 

MC1741C 

MC1741 

Unit 

Power Supply Voltage 

Vec 

+ 18 

mm 

Vdc 


Vee 

-18 


Vdc 

Input Differential Voltage 

V|D 

±30 


Input Common Mode Voltage (Note 1) 

V|CM 

±15 

Volts 

Output Short Circuit Duration (Note 2) 

*S 

Continuous 


Operating Ambient Temperature Range 

Ta 

0 to +70 

-55 to+ 125 

°C 

Storage Temperature Range 

^stg 



°C 

Metal. Flat and Ceramic Packages 

-bb to +150 


Plastic Packages 


-55 to +125 


Junction Temperature Range 

Tj 




Metal and Ceramic Packages 


175 

wu 

Plastic Packages 


150 



Note 1. For supply voltages less than 115 V. the absolute maximum input voltage is equal 
to the supply voltage 

Note 2 Supply voltige equal to or less than 15V 


EQUIVALENT CIRCUIT SCHEMATIC 



OPERATIONAL AMPLIFIER 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



G SUFFIX 
METAL PACKAGE 
CASE 601 

NC 


Offset Nu 
nvtInput 
Noninvt Inpu 




PI SUFFIX 
PLASTIC PACKAGE 
CASE 626 

(MC1741C,MC1741 NC) 



USUFFIX 

CERAMIC PACKAGE 
CASE 693 


Offset Null E DnC 

Invt Input IIVcc 

Noninvt lnputE-|>-^3output 

VeeE IloffsetNull 


(Top View) 



L SUFFIX 

CERAMIC PACKAGE 
CASE 632 
TO-116 


P2 SUFFIX 
PLASTIC PACKAGE 
CASE 646 

(MC1741C,MC1741NC) 




F SUFFIX 

CERAMIC PACKAGE 
CASE 606-04 
TO-91 



(Top View) 

















































IVIC1741, IV1C1741C, MC1741N, MC1741NC 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Vee = -15 V,Ta = 25°C unless otherwise noted). 


Input Offset Voltage 
(Rc<10k) 


Input Offset Current 


Input Bias Current 


Input Resistance 


Input Capacitance 


Offset Voltage Adjustment Range 


Common Mode Input Voltage Range 


Large Signal Voltage Gain 
(Vo = ±10 V, Rl> 2.0 k) _ 


Output Resistance 


Common Mode Rejection Ratio 
(Rs<10k) 


Supply Voltage Rejection Ratio 
(RS<10k) 


Output Voltage Swing 
(RL>10k) 
(RL>2k) 


Output Short-Circuit Current 


Supply Current 


Power Consumption 


Transient Response (Unity Gam — Non-Inverting) 

(V| = 20 mV, Rl > 2 k, Cl < 100 pF) Rise Time 

(V( = 20 mV, Rl > 2 k, Cl < 100 pF) Overshoot 

(V| = 10V, Rl > 2 k, Cl < 100 pF) Slew Rate 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, 


Characteristic 


Input Offset Voltage 
(Rs<10kJ2) 


Input Offset Current 
(Ta = 125°CI 
(Ta = -55°C) 

(Ta = 0°C to ■l•70°C) 


Input Bias Current 
(Ta= 125°C) 

(Ta = -55°C) 

(Ta = 0°C to -i-70°C) 


Common Mode Input Voltage Range 


Common Mode Rejection Ratio 
(Rs<10k) 


Supply Voltage Rejection Ratio 
(Rs<10k) 


Output Voltage Swing 
(RL>10k) 

(Rl> 2 k) 


Large Signal Voltage Gain 
(RL>2k, Vout = ±10V) 


Supply Currents 
(Ta= 125°C) 
(Ta • -55°C) 


Power Consumption (Ta = ■t-125°C) 
(Ta = -55^0 


•Thigh ■ 125°C for MC1741 and 70°C for MC1741C 
Tjow * -55°C for MCI 741 and 0°C for MCI 741C 



1.5 

2.0 

2.5 

3.3 

45 

60 

75 

100 
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MC1741, MC1741C, IVIC1741N, MC1741NC 


NOISE CHARACTERISTICS (Applies for MCI 741N and MCI 741NC only, Vcc = 15 V, Vge = -15 V,Ta = +25°C) 




1 MC1741N 1 

MC1741NC 1 

nn 

Characteristic 

Symbol 

WWW 

1 _Typ 1 



1 _ IXD _ 1 

Max 


Burst Noise (Popcorn Noise) 

(BW= 1.0 Hz to 1.0 kHz,t = 10 s, Rs = 100 k) 

(Input Referenced) 

En 

■ 

■ 

20 

■ 

■ 

20 

MV/peak 


FIGURE 1 - BURST NOISE versus SOURCE RESISTANCE 



RS,SOURCE RESISTANCE (OHMS) 


FIGURE 2 - RMS NOISE versus SOURCE RESISTANCE 



RS,SOURCE RESISTANCE (OHMS) 


FIGURE 3 - OUTPUT NOISE versus SOURCE RESISTANCE 




10 100 10k 10 k 100 k 

(.FREQUENCY (Hr) 


FIGURE 5 - BURST NOISE TEST CIRCUIT IN Suffixed Devices Only) 



. To Pass/Fail 
Indicator 


For applications where low noise performance is essential, selected 
devices denoted by an N suffix are offered These units have been 
100% tested for burst noise pulses on a special noise test system. 
Unlilte conventional peak reading or RMS meters, this system was 
especially designed to provide the quick response time essential to 
burst (popcorn) noise testing 


Voltage 

The test time employed is 10 seconds and the 20 mV peak 
limit refers to the operational amplifier input thus eliminating 
errors in the closed-loop gain factor of the operational amplifier 
under test 
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Vo, OUTPUT VOLTAGE SWING (Vp-p) Vq. OUTPUT VOLTAGE (Vp.p) Vq, OUTPUT VOLTAGE (V 


MC1741, MC1741C, MC1741N, MC1741NC 


TYPICAL CHARACTERISTICS 

(Vcc “ ■*^15 Vdc, Vee = -15 Vdc, T/^ = +25°C unless otherwise noted) 


FIGURE 6 -POWER BANDWIDTH 
(LARGE SIGNAL SWING versus FREDUENCYI 


FIGURE 7-OPEN LOOP FREQUENCY RESPONSE 



IQ 100 1.0 k 10 k 100 k 

f, FREQUENCY (Hz) 



FIGURE 8 - POSITIVE OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 



1 cl_I_I_ t _ I I I M I _ 1 I _ I I I I 1 I I 

' 100 200 500 700 1 0k 2.0k 50k 7.0 k 10 k 

RL, load RESISTANCE (OHMS) 


FIGURE 9 -NEGATIVE OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 



100 200 500 700 1.0k 2.0k 5.0k 70k 10k 


RL, load RESISTANCE (OHMS) 


FIGURE 10 - OUTPUT VOLTAGE SWING versus 
LOAD RESISTANCE (Single Supply Operation) 






— 

— 















W V 




















+24 V 






































+18 V 




























+15 V 

— 

_ 


— 






+12 V 



















+9.0 V 

— 

— 


— 

— 




_ 


_ 

_ 







_ 

B3EH 


— 








fli-ii?;vv| I I _I_I_ I I I n 

0 1.0 2.0 3.0 40 5.0 6.0 7.0 8.0 9.0 10 

RL,L0AD resistance (kTT) 


FIGURE 11 - SINGLE SUPPLY INVERTING AMPLIFIER 
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MC1741, MC1741C, MC1741N, IV1C1741NC 


FIGURE 12 - NON-INVERTING PULSE RESPONSE 




lO^s/DIV 


FIGURE 13 - TRANSIENT RESPONSE TEST CIRCUIT 



To Scope 
(Output) 


FIGURE 14 - OPEN LOOP VOLTAGE GAIN 
versus SUPPLY VOLTAGE 



0 20 40 EO BO 10 12 14 IE 18 20 

VCC. IVeeI. supply voltages (VOLTS) 


ORDERING INFORMATION 


Device 

Alternate 

Temperature 

Range 

Package 

MC1741CF.NCF 

— 

O'G to -f 70'’C 

Ceramic Flat 

MC1741CG 

LM741CD,^741HC 

O'C to -i-70'’C 

Metal Can 

MCI 741 CL 

LM741CD.piA741DC 

0“C to -|-70''C 

Ceramic DIP 

MC1741CP1 

LM741CN, /XA741TC 

O'C to +70°C 

Plastic DIP 

MC1741CP2, 

— 

O^C to -)-70°C 

Plastic DIP 

NCP1, NCP2 
MC1741CU,NCU 


O'^C to +70”C 

Ceramic DIP 

MC1741F,NF 

— 

-55“C to -f 125'’C 

Ceramic Flat 

MC1741G,NG 

— 

-55“C to -f 125°C 

Metal Can 

MC1741L,NL 

— 

-55'G to +125°C 

Ceramic DIP 

MC1741U,NU 

— 

-SS^C to -i-125'’C 

Ceramic DIP 

MC1741NCG 

— 

CrC to -f70°C 

Metal Can 

MC1741NCL 

— 

O'C to -f 70'’C 

Ceramic DIP 
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Device 


MC1741SG 

MC1741SU 

MC1741SCG 

MC1741SCP1 

MC1741SCU 


Temperature Range 


-55°C to +125‘’C 
-SS^C to +125°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70'’C 


Package 


Metal Can 
Ceramic DIP 
Metal Can 
Plastic DIP 
Ceramic DIP 


HIGH SLEW-RATE INTERNALLY-COMPENSATED 
OPERATIONAL AMPLIFIER 

The MCI741 S/MCI741 SC is functionally equivalent, pin com¬ 
patible, and possesses the same ease of use as the popular MC1741 
circuit, yet offers 20 times higher slew rate and power bandwidth. 
This device is ideally suited for D-to-A converters due to its fast 
settling time and high slew rate. 

• High Slew Rate — 10 V/ps Guaranteed Minimum (for unity gain only) 

• No Frequency Compensation Required 

• Short-Circuit Protection 

• Offset Voltage Null Capability 

• Wide Common-Mode and Differential Voltage Ranges 

• Low Power Consumption 

• No Latch-Up 


TYPICAL APPLICATION OUTPUT CURRENT TO 
VOLTAGE TRANSFORMATION FOR A D-TO-A CONVERTER 

Vrc-SOV V,j(-20Vdc 

• R1 - H2 a 1 OkS! 

[ Ro-SOkSi 


MC1741S 

MC1741SC 


OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


PI SUFFIX 
PLASTIC PACKAGE 
CASE 626 



U SUFFIX 

CERAMIC PACKAGE 
CASE 693 


VC1508L 8 
MC1408L 


• OfFSET NULlC 
INVT INPUT[ 
NONINVT INPUTC 


OUTPUT 

shOFFSET NULL 


Theoretical Vg 


dF •Vee--| 5 V 

Pins not shown are not connected. 


Setting time to within 1/2 LSB (tIS.S mV) is approxi¬ 
mately 4 0 lus from the time that all bits are switched. 
*The value of C may be selected to minimize overshoot 
and ringing (C = 68 pF). 


MC1741S LARGE-SIGNAL TRANSIENT RESPONSE 



I Pulse Inpur 

i V ! ' ’ : 

I f f Pulse Ourpur ! 



—I 1 —^—' 

1 ; 

Vi i 

H 

L«j 

l L_L . . 



/ i 

1 


i \ 

I-^ 

i 




w , fAI A2 A3 A4 A5 A6 A7 ASl 

“ R1 “ 1 2 4 8 IB 32 64 128 256] 

Adjust Vfgf, R1 or Rg so that Vg with all digital inputs at high level 
is equal to 9.961 volts. 

VO-iX,5l0 = 

U l2 4 8 16 32 64 128 256j [256] 


STANDARD MC1741 versus MC1741S RESPONSE COMPARISON 



■ j MC1741S t ' ' ' 


i / : t 




\mC1741 

i 

/ • t 


j 

i t 


i '' ^ ‘ ^ 1 1 ' ■ ' 
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MC1741S, MC1741SC 


CIRCUIT SCHEMATIC 



MAXIMUM RATINGS (T^ = 425°C unless otherwise noted ) 


Rating 

Symbol 

Value 

Unit 

MC1741SC 

MC1741S 

Power Supply Voltage 

Vcc 

+ 18 

+22 

Vdc 


Vee 

-18 

-22 


Differential Input Signal Voltage 

V|D 

±30 

Volts 

Common-Mode Input Voltage Swing (See Note 11 

V|CR 

±15 

Volts 

Output Short-Circuit Duration (See Note 21 

ts 

Continuous 


Power Dissipation (Package Limitation) 

Pd 




Metal Package 


680 

mW 

Derate above T/\ = ■425®C 


46 

mW/°C 

Plastic Dual In-Line Package 


625 

mW 

Derate above T/\ = ■t-25°C 


50 

mW/°C 

Operating Ambient Temperature Range 

Ta 

0 to +75 

-55 to +125 

°C 

Storage Temperature Range 

^stg 




Metal Package 


-65 to +150 


Plastic Package 


-55 to +125 

■■ 


Note 1. For supply voltages less than ±15 Vdc, the absolute maximum input voltage is equal to the supply voltage. 
Note 2. Supply voltage equal to or less than 15 Vdc. 


FIGUR E 2 - INPUT BIAS CURRENT versus TEMPERATURE 
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MC1741S, MC1741SC 


ELECTRICAL CHARACTERISTICS (V^q = +15 Vdc. Vgg = -15 Vdc, T/\ = +25°C unless otherwise noted ) 




MC1741S 

MC1741SC 


Characteristic 

Symbol 


Typ 


Min 

Typ 

Max 

Unit 

Power Bandwidth (See Figure 3) 

BWp 







kHz 

Ay = 1 , Rl = 2 0kn, THD = 5%, Vo = 20V(p-p) 


150 

200 

- 

150 

200 

- 


Large-Signal Transient Response 









Slew Rate (Figures 10 and 111 

SR 


HH 






V(-) to V(+) 


10 

mm 


10 



V/ps 

V(+)to V(-) 


10 

IB 


10 




Settling Time (Figures 10 and 11) 

tsetig 

- 

mm 


- 



MS 

(to within 0 1%) 



Bl 






Small-Signal Transient Response 









(Gain = 1, E|n = 20 mV, see Figures 7 and 81 









Rise Time 

tTLH 


0.25 



0.25 


MS 

Fall Time 

tTHL 


0.25 



0.25 


MS 

Propagation Delay Time 

tPLH.tPHL 


0 25 



0.25 


MS 

Overshoot 

OS 


20 



20 


% 

Short-Circuit Output Currents 

lOS 

Ed 

- 


±10 

- 

±45 

mA 

Open-Loop Voltage Gain (F( (_ ■ 2 0 kSl) (See Figure 4) 

Avol 



^dli 



ddH 

■did 

Vq - ±10 V, Ta - +25°C 


50,000 

200,000 


20,000 

100,000 



Vq ~ ±10\/,T/^ = T|oyy* to Thigh* 


25,000 

- 


15,000 

- 


dH 

Output Impedance (f ’ 20 Hz) 

Zo 

- 

75 

- 

- 

75 

- 


Input Impedance (f - 20 Hz) 

it| 

03 

1.0 

- 

03 

1 0 

- 

dSQdl 

Output Voltage Swing 

Vo 







Vpk 

Rl= 10 kn,TA = T|ow to Thigh ((VIC1741S only) 


±12 

±14 


±12 

±14 



RU = 2.0 kU. Ta = +25‘'C 


±10 

±13 


±10 

±13 



RL-20kJT,TA = T|oi,^ to Thigh 


±10 

- 


±10 

- 



Input Common-IVlode Voltage Range 

V|CR 

±12 

±13 

- 

±12 

±13 

- 

Vpk 

Ta = T|ow to Thigh (IVIC1741S) 









Common-Mode Reiection Ratio (f = 20 Hz) 

CMRR 

70 

90 

- 

70 

90 

- 

dB 

Ta = T|ow to Thigh (MCI 741S) 









Input Bias Current (See Figure 21 

•iB 







nA 

Ta = +250C and Thigh 


- 

200 

500 


200 

500 


Ta ~ Tlovv 


- 

500 

1500 


- 

800 


Input Offset Current 

I'lOl 




d^H 



nA 

Ta = +25°C and Thigh 



30 

200 


30 

200 


~ T|ow 



- ' 

500 


- 

300 


Input Offset Voltage (Rs = < 10 knl 

|V|ol 




^dd 



mV 

Ta = +25°C 



1 0 

50 


20 

6.0 


Ta ~ T|q,^ to Thigh 



- 

60 


- 

7.5 


DC Power Consumption (See Figure 9) 





^^dl 



mW 

(Power Supply = ±15 V, Vq = 0) 



50 

85 


50 

85 


Ta - Tio^d to Thigh 









Positive Voltage Supply Sensitivity 

PSS+ 

dl^l 



l^^d 



mV/v 

(Vee constant) 



20 

100 


20 

150 


Ta “ Tjo^v to Thigh on MC1741S 









Negative Voltage Supply Sensitivity 

PSS- 







mV/V 

(Vcc constant) Ta = Tio^^ to Thigh on MC1741S. 


- 

10 

150 

- 

10 

150 



*T|ow = Ofor MC1741SC Th,gh = +70°C for MCt74ISC 

= -55 °C for MC1741S = +125 °C for MC1741S 
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en, INPUT NOISE VOLTAGE (nv/jitit PEAK OUTPUT VOLTAGE FOR < 5% THD (VOLTS) 


IVIC1741S, IVIC1741SC 


TYPICAL CHARACTERISTICS 

(Vcc = +15 Vdc, VgE = -15 Vdc, T/^ = +25°C unless otherwise noted.! 


FIGURE 3 - POWER BANDWIDTH - NONDISTORTED 
OUTPUT VOLTAGE versus FREQUENCY 


FIGURE 4 - OPEN-LOOP FREQUENCY RESPONSE 


■ill 

■ill 

mi 

■ill 

in 

lip 

n 

mi 

IH 

lU 

m 

mi 

iiii 

IHI 

■in 

m! 

in 

mi 

in 

mi 

in 

■in 

ilH 

rai 



mm 

□BSiairi 

nsiss! 


' IIMlI 

^ i»ll| 

Kami, 

aiBiiii I 

■■■nil 

■■■III r 

“11151 

ISii I 


HS=100 

mi 

100 


1000 

(.FREQUENCY (Hr) 


lOk 10 k 

RS, SOURCE RESISTANCE (OHMS) 


FIGURE 7 - SMALL-SIGNAL TRANSIENT 
RESPONSE DEFINITIONS 



FIGURE 8 - SMALL-SIGNAL TRANSIENT 
RESPONSE TEST CIRCUIT 


Pinsnot shown aie not connected 
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RISETIME 


OVERSHOOT Vos 



































IVIC1741S, MC1741SC 


TYPICAL CHARACTERISTICS 

(Vcc = +15 Vdc, VgE = -15 Vdc, = +25°C unless otherwise noted.) 


FIGURE 9 - POWER CONSUMPTION versus POWER 
SUPPLY VOLTAGES 



Vcc and IVeeI. SUPPLY VOLTAGE (VOLTS) 


FIGURE 10 - LARGE-SIGNAL TRANSIENT WAVEFORMS 



FIGURE 11 - SETTLING TIME AND SLEW RATE TEST CIRCUIT 


lak 



SETTLING TIME 

In order to properly utilize the high slew rate and fast 
settling time of an operational amplifier, a number of 
system considerations must be observed. Capacitance at 
the summing node and at the amplifier output must be 
minimal and circuit board layout should be consistent 
with common high-frequency considerations. Both power 
supply connections should be adequately bypassed as 
close as possible to the device pins. In bypassing, both 
low and high-frequency components should be con¬ 
sidered to avoid the possibility of excessive ringing. In 
order to achieve optimum damping, the selection of a 
capacitor in parallel with the feedback resistor may be 
necessary. A value too small could result in excessive 
ringing while a value too large will degrade slew rate and 
settling time. 

SETTLING TIME MEASUREMENT 

In order to accurately measure the settling time of an 
operational amplifier, it is suggested that the "false" 
summing junction approach be taken as shown in 
Figure 11. This is necessary since it is difficult to de¬ 
termine when the waveform at the output of the op¬ 
erational amplifier settles to within 0.1% of it's final 
value. Because the output and input voltages are ef¬ 
fectively subtracted from each other at the amplifier 
inverting input, this seems like an ideal node for the 
measurement. However, the probe capacitance at this 
critical node can greatly affect the accuracy of the 
actual measurement. 

The solution to these problems is the creation of a 
second or "false" summing node. The addition of two 
diodes at this node damps the error voltage to limit the 
voltage excursion to the oscilloscope. Because of the 
voltage divider effect, only one-half of the actual error 
appears at this node. For extremely critical measure¬ 
ments, the capacitance of the diodes and the oscilloscope, 
and the settling time of the oscilloscope must be con¬ 
sidered. The expression 

tsetig = N/x2 + y2-|-z2 

can be used to determine the actual amplifier settling 
time, where 

tsetig “ observed settling time 

X = amplifier settling time (to be determined) 
y = false summing junction settling time 
z = oscilloscope settling time 
It should be remembered that to settle within ±0.1% 
requires 7RC time constants. 

The ±0.1% factor was chosen for the MC1741S 
settling time as it is compatible with the ±1/2 LSB 
accuracy of the MC1508L8 digital-to-analog converter. 
This D-to-A converter features ±0.19% maximum error. 


3 


.'^-113 






10 mV/DIV _ ^ 200 mV/DIV 


MC1741S, MC1741SC 


FIGURE 12 - WAVEFORM AT FALSE SUMMING NODE 


TYPICAL APPLICATION 



1.0(JS/DIV 


E 13 - EXPANDED WAVEFORM AT 
FALSE SUMMING NODE 



1 Ojjs/DIV 


FIGURE 14- 12.5 WATT WIDEBAND POWER AMPLIFIER 


*15 V 
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ORDERING INFORMATION 


Device Temperature Range Package 

MC1747F -SS'C to+125°C Ceramic Flat 

MC1747G -55°C to+125°C Metal Can 

MC1747L -55°Cto+125'’C Ceramic DIP 

MC1747CF O^C to +75°C Ceramic Flat 

MC1747CG O^C to +75'’C Metal Can 

MC1747CL 0°C to +75°C Ceramic DIP 

MC1747CP2 0°C to +75°C Plastic DIP 
























MC1747, MC1747C 



Voltage (Measurement between Offset Null and V^gl 


Operating Ambient Temperature Range 


Storage Temperature Range 


Junction Temperature 

Ceramic and Metal Package 
Plastic Package 


ELECTRICAL CHARACTERISTICS (Vcc = Vdc, Vgg = -15 Vdc, T^ = +25°C unless otherwise noted ) 


(Vq = ±10 V. Rl = 2 0 kni 


Input Bias Current 
Ta = +25°C 
*^A “ *^high ^ 
*^A “ "^low ^ 


Input Offset Current 
Ta = +25°C 
^A " Thigh 
Ta * T|oyy 


Input Offset Voltage (Rg ^ 10 kf2) 
Ta = +25°C 
Ta “ Tf0y^ to Thigh 


Offset Voltage Adjustment Range 


Differential Input Impedance (OpenJoop. f » 20 Hzl 
Parallel Input Resistance 
Parallel Input Capacitance 


Common-Mode Input Voltage Swing 
T|ow ^ Ta ^ Thigh 


Common-Mode Rejection Ratio IRg * 10 kn) 

Tlow^ Ta < Thigh 


Open-Loop Voltage Gain 
Ta - +25°C 
Ta “ Tjoyy to Thigh 


Transient Response (Unity Gam) 

(V,n = 20 mV, Rl = 2,0 kH. Cl < 100 pF) 
Rise Time 

Overshoot Percentage 


Slew Rate (Unity Gam) 


Output Impedance 


Short-Circuit Output Current 


Channel Separation 


Output Voltage Swing (T(ow < Ta < Th,gh) 
Rl= lOkn 
RL=20kn 


Power Supply Sensitivity (Tjo,,, to Th,gh) 
VgE = Constant, Rs ^ 10 kf2 
Vcc = Constant, Rs ^ 10 kn 


Power Supply Current (each amplifier) 
Ta = +25°C 
Ta ~ Tjoy^ 

Ta “ Thigh 


DC Power Consumption (each amplifier) 
Ta = +25°C 
Ta ~ T Igyy 
Ta * Thigh 



® For supply voltages of less than + 15 V, the maximum differential input voltage is equal to + (Vcc I^EeIL 
( 2 ) For supply voltages of less than ± 15 V, the maximum input voltage is equal to the supply voltage (+Vcq, -[VeeO • 
®T|ow- 0OCforMC1747CL 
-55OC for MC1747L 
Thigh' +75®Cfor MC1747CL 
+125®C for MC1747L 
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Vo, OUTPUT VOLTAGE (Vp p) Avpi, OPEN LOOP VOLTAGE GAIN IdB) 


IV1C1747, IVIC1747C 


FIGURE 3 - TYPICAL FREQUENCY-SHIFT KEYER TONE 
GENERATOR TEST CIRCUIT 



TYPICAL CHARACTERISTICS 


(Vcc “ ■'■15 Vdc, Vej: = -15 Vdc, T^ = +25°C unless otherwise noted.) 


FIGURE 5 - OPEN-LOOP VOLTAGE GAIN 
versus POWER-SUPPLY VOLTAGE 



Q 3 0 6 0 9 0 12 16 13 21 24 

Vcc and VE£, POWER SUPPLY VOLTAGE (VOLTS) 


FIGURE 6 - OPEN-LOOP FREQUENCY RESPONSE 



FIGURE 7 - POWER BANDWIDTH 
(LARGE SIGNAL SWING versus FREQUENCY) 


FIGURE 8 - POWER CONSUMPTION 
versus POWER SUPPLY VOLTAGE 



10 100 IQk 10 k 100 k 



20 60 10 14 18 22 


f, FREQUENCY (Hr) 


Vcc and Vee, POWER SUPPLY VOLTAGE (VOLTS) 
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Vo, OUTPUT VOLTAGE (V 


MC1747, MC1747C 


TYPICAL CHARACTERISTICS (continued) 

(Vcc = +15 Vdc. VgE = -15 Vdc, T/\ = +25°C unless otherwise noted.) 


FIGURE 9 - OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 



RL, load resistance (OHMS) 



100 10k 10 k 100 k 


RS, SOURCE RESISTANCE (OHMS) 
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nRnPRIMt? INPHRMATirtM 
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Device 

Temperature Range 

Package 

MC1748 

MC1748C 

MC1748G 

MC1748U 

MC1748CG 

MC1748CP1 

MC1748CU 

-SS'C to 4-125‘’C 
-ss'C to H-tas'C 

O^C to -t-TO^C 

0°C to -f-70°c 

0°C to +70°C 

Metal Can 

Ceramic DIP 

Metal Can 

Plastic DIP 

Ceramic DIP 


HIGH PERFORMANCE 
OPERATIONAL AMPLIFIER 

. . . designed for use as a summing amplifier, integrator, or amplifier 
with operating characteristics as a function of the external feedback 
components. 

• Noncompensated MC1741 

• Single 30 pF Capacitor Compensation Required For Unity Gain 

• Short-Circuit Protection 

• Offset Voltage Null Capability 

• Wide Common-Mode and Differential Voltage Ranges 

• Low-Power Consumption 

• No Latch Up 


FIGURE 1 - CIRCUIT SCHEMATIC 




TYPICAL COMPENSATION CIRCUITS 




















© ® 


IVIC1748, MC1748C 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 


Rating 

Symbol 

MCI 748 

MC1748C 

Unit 

Power Supply Voltage 

Vcc 

+22 

+ 18 

Vdc 


Vee 

-22 

-18 


Differential Input Signal 

Vin 

±30 

Volts 

Common-Mode Input Swing Q) 

V|CR 

±15 

Volts 

Output Short Circuit Duration 

«s 

Continuous 


Power Dissipation (Package Limitation) 

Pd 

680 

mW 

Derate above T/\ = +25°C 


4 6 

mW/°C 

Operating Temperature Range 

Ta 

-55 to+125 

0 to +70 

°C 

Storage Temperature Range 

"Pstg 

-65 to +150 

-65 to +150 

°C 


ELECTRICAL CHARACTERISTICS (Vcc = +15 Vdc, Vge = -15 Vdc, = +25°C unless otherwise noted ) 




MC1748 

MC1748C 


Characteristics 

Symbol 


^^9 




imsi 

Unit 

Input Bias Current 

■iB 




mm 



pAdc 

Ta = +25°C 



0 08 

05 


0 08 

0 5 


“ T|o^n, to Thigh @ 



03 

1.5 


- 

08 


Input Offset Current 

ll|Ol 

■jH 


■ 



B 

pAdc 

Ta = +25°C 



0 02 



0 02 

B 


Ta - T|oy^ to Thigh 



0 08 


B 

- 

B 


Input Offset Voltage (Rs S 10 k H) 

IV|ol 




^■m 


B 

mVdc 

Ta = +25°C 



1,0 

50 


1.0 

B 


~ ^low ^high 


Bi 

- 

60 

BI 

- 

B 


Differential Input Impedance (Open-Loop, f = 20 Hz) 


■■ 


nn 



B 


Parallel Input Resistance 

Rp 


2.0 


03 

2 0 

B 

Megohm 

Parallel Input Capacitance 

Cp 

■1 

1.4 

■ 

- 

1 4 

B 

pF 

Common-Mode Input Impedance (f • 20 Hz) 


- 

m^n 

- 

- 

200 


Megohms 

Common-Mode Input Voltage Swing 

V|CR 

±12 


- 


±13 

- 

Vpk 

Common-Mode Rejection Ratio (f * 100 Hz) 

CMRR 

70 

90 

- 

70 

90 

- 

dB 

Open-Loop Voltage Gam, (Vq = ±10 V, Rl = 2 Ok ohms) 

Ayol 

■B 





B 

V/V 

Ta = +25°C 



200,00( 


20,000 

200,000 

B 


Ta ~ T|oyy to Thigh 



- 

H 

15,000 


B 


Step Response (V|n = 20 mV, Cg = 30pF, Rl = 2 kSJ, Cl = 100pF) 




mm 


Bi 

B 


Rise Time 

Xf 


03 





JLIS 

Overshoot Percentage 



5 0 



BI 


% 

Slew Rate 



08 

B 


08 

B 

V/ps 

Output Impedance (f = 20 Hz) 

^o 

■n 

75 



75 

- 

ohms 

Short-Circuit Output Current 

Uc 

- 

25 


- 

25 

- 

mAdc 

Output Voltage Swing (Rl = 10 k ohms) 

Vo 

±12 

±14 

H 

±12 

±14 

B 

Vpk 

Rl = 2 k ohms (Ta =T|ow 1° thigh* 


±10 

±13 

B 

±10 

±13 

B 


Power Supply Sensitivity 







— 

pV/V 

VgE = constant, Rj < 10 k ohms 

S+ 


30 

150 


30 

150 


Vcc = constant, Rj «: 10 k ohms 

s- 


30 

150 


30 

150 


Power Supply Current 

■91 

- 

1 67 

2.83 


1.67 

2.83 

mAdc 


■si 

- 

1 67 

2.83 

- 

1 67 

2.83 


DC Quiescent Power Dissipation 

Pd 







mW 

o 

o 

> 


- 

50 

85 

- 

50 

85 



For supply voltages less than ±.15 V, the Maximum Input Voltage is equal to the Supply Voltage. 

T|ow' 0°C for MC1748C 
-55°C for MCI 748 
'’’high- +70° for MC1748C 
+ 125°C for MC1748 
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MC1748, MC1748C 


TYPICAL CHARACTERISTICS 

(VCC " V, Vee = -15 V, T/\ = +25®C unless otherwise noted.) 


FIGURE 5 - MINIMUM INPUT VOLTAGE RANGE 


FIGURE 6 - MINIMUM OUTPUT VOLTAGE SWING 


APPLICABLE TO THE SPECIFIED 
OPERATING TEMPERATURE 
RANGES 




-APPLICABLE TO THE SPECIFIED- 
OPERATING TEMPERATURE 
RANGES 

I I I I 




Vcc and (-Vee). SUPPLY VOLTAGE (VOLTS) 


Vcc AND (-Vee), SUPPLY VOLTAGES (VOLTS) 


FIGURE 7 - MINIMUM VOLTAGE GAIN 


FIGURE 8 - TYPICAL SUPPLY CURRENTS 


APPLICABLE TO THE SPECIFIED 
OPERATING TEMPERATURE 
RANGES 


Vcc and -Vee, supply voltages (volts) 


Vcc and (-Vee) supply vdltage (vdlts) 


FIGURE 9 - OPEN-LOOP FREQUENCY RESPONSE 


FIGURE 10 - LARGE-SIGNAL FREQUENCY RESPONSE 


■IH 

mm 

mijHnuii 

iwm 

■II 

!■ 

■■ll 
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III 

■II 
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Ml 

in 
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■HI 

■1 
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in 

II 

!»! 

m 

HI 

in 

II 

■Ill 


HI 

IH 

1 

mil 

m 

Hi 

am 


f, FREQUENCY (Hz) 


(.FREQUENCY (Hz) 














































VOR. OUTPUT VOLTAGE RANGE CVOLTS) V|R, VOR, VOLTAGE RANGE (tVOLTSI 


MC1748, MC1748C 



FIGURE 11 - VOLTAGE FOLLOWER PULSE RESPONSE 



l,TIME(;:is) 



t, FREQUENCY (Hz) 


Vqr, OUTPUT VOLTAGE RANGE (iVOLTS) Ay, VOLTAGE GAIN (dB) 


(continued) 


= +2^C unless otherwise noted.) 



FIGURE 14 - INVERTER PULSE RESPONSE 

+10 
+8 0 
+6 0 
♦4 0 
♦2 0 
0 

-20 
-40 
-60 
-80 
-10 

0 1 0 2 0 30 40 5 0 60 7 0 8 0 9 0 

t,TIME (ms) 
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MC1776 

MC1776C 


Specifications and Applications 
Information 


MONOLITHIC MICROPOWER 
PROGRAMMABLE OPERATIONAL AMPLIFIER 

This extremely versatile operational amplifier features low power 
consumption and high input impedance. In addition, the quiescent 
currents within the device may be programmed by the choice of 
an external resistor value or current source applied to the Ijgt input. 
This allows the amplifier's characteristics to be optimized for input 
current and power consumption despite wide variations in operating 
power supply voltages. 

• ± 1.2 V to ± 18 V Operation 

• Wide Programming Range 

• Offset Null Capability 

• No Frequency Compensation Required 

• Low Input Bias Currents 

• Short-Circuit Protection 


RESISTIVE PROGRAMMING (See Figure 1.) 


R,g, to NEGATIVE SUPPLY 
(Recommended for supply voltage 
less then t6.0 V) 




Typical R$gt Values 


YCC’ Vee| Is®' = 1 5 mA Isg, = 15 p A 


1 6 vin 

3 6 Mn 
7 5 ivin 
20 


ACTIVE PROGRAMMING 


FET CURRENT SOURCE 

2 

7oVcc 

° 


3 

/^eAvEE 


H-*-#Vg 


VeeI^ 


PROGRAMMABLE 
OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



G SUFFIX 
METAL PACKAGE 
CASE 601 


Inverting Input 
Non-Inverting InputCJ 



PI SUFFIX 

PLASTIC PACKAGE 
CASE 626 
(MC1776C only) 



U SUFFIX 

CERAMIC PACKAGE 
CASE 693 


Inverting Input 
Non-Inverting Input [T 

Vee U 


ORDERING INFORMATION 



Device 


MC1776G 


MC1776U 


MC1776CG 


MC1776CP1 


MC1776CU 


Temperature Range 


-55 to -H25°C 



8 ] Iset 

3 VcC 

’s] Output 
H Offset Null 


Package 


Metal Can 


Ceramic DIP 


Metal Can 


Plastic DIP 


Ceramic DIP 
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MC1776, MC1776C 


MAXIMUM RATINGS (T/\ = +25°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltages 

Vcc. Vee 

±18 

Vdc 

Differential Input Voltage 

V|D 

±30 

Vdc 

Common-Mode Input Voltage 

Vc 0 and IV^gl < 15 V 

Vcc snd IVeeI > 15 V 

V|CM 

Vcc. Vee 

±15 

Vdc 

Offset Null to Vee Voltage 

Voff-VEE 

±0.5 

Vdc 

Programming Current 

•set 

500 

mA 

Programming Voltage 

(Voltage from Ijet terminal to ground) 

Vset 

(Vcc-2.0 V) 
to 

Vcc 

Vdc 

Output Short-Circuit Duration* 

ts 

Indefinite 

s 

Operating Temperature Range 

MCI 776 
MC1776C 

Ta 

-55 to-1-125 

0 to -1-70 

°c 

Storage Temperature Range 

Metal and Ceramic Packages 

Plastic Package 

"•^stg 

-65 to -H 50 
-55 to ■H25 

°c 

Junction Temperature 

Metal and Ceramic Packages 

Plastic Package 

Tj 

175 

150 

°c 


*May be to ground or either Supply Voltage. Rating applies up to a case temperature of +125°C or ambient temperature of +70°C and 
Uet ^ 


SCHEMATIC DIAGRAM 
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IV1C1776, IV1C1776C 


ELECTRICAL CHARACTERISTICS (Vcc = +3 0 V, Vee “ -3.0 V, Ijet = 1-5 = +25°C unless otherwise noted.) 





Characteristic 

Symbol 


Input Offset Voltage (Rg < 10 kJl) 

V|0 

■mi 

Ta = +25°C 



Tlow* ^ Ta ^ Thigh* 



Offset Voltage Ad|ustment Range 

V|OR 


Input Offset Current 

•lO 


Ta = +25°C 



Ta ~ Thigh 



Ta “ T|ow 



Input Bias Current 

he 


Ta = +25°C 



Ta “ Thigh 



Ta ~ T|ow 



Input Resistance 

r, 

- 

Input Capacitance 

C| 

- 

Input Voltage Range 

V|D 

■■ 

T|ow Ta < Thigh 



Large Signal Voltage Gam 

AvOL 


Rl ^ 75 ka, Vq = ± 1.0 V, Ta = +25°C 


50 k 

Rl ^ 75 kn, Vq = ± 1.0 V, T|ow ^ < "T^high 


25 k 

Output Voltage Swing 

Vo 

■H 

Rl > 75 kn, T|oyy < Ta < Thigh 



Output Resistance 

*”0 

- 

Output Short-Circuit Current 

Iqs 

- 

Common-Mode Rejection Ratio 

CMRR 


Rs < 10 kn, T|ow Ta Thigh 


70 

Supply Voltage Rejection Ratio 

PSRR 


Rs ^ 10 kSl, T|oyy < < ^high 


- 

Supply Current 

'CC- 'EE 


Ta = +25°C 



T|ow ^ Ta ^ Thigh 



Power Dissipation 



Ta = -t25°C 



T|ow ^ Ta < Thigh 


im 

Transient Response (Unity Gain) 

V|n = 20 mV, Rl > 50 kn,CL = lOO PF 

Rise Time 

fTLH 

■ 

Overshoot 

OS 


Slew Rate (Rl > 5.0 kn) 

Sr 



*T|ow = -55°C for MC1776 Thigh = +125°C for MC1776 

0°C for MC1776C +70°C for MC1776C 


VOLTAGE OFFSET 
NULL CIRCUIT 




Unit 


mV 

mV 

nA 

nA 


PF 

V 

v/v 

V 

kn 

mA 

dB 

jvV/V 

mA 

jiW 

MS 

% 

V/ms 


Pins not shown are not connected 




























































































MC1776, MC1776C 


ELECTRICAL CHARACTERISTICS (V^c “ V. Vee “ “3.0 V, Ijet = 15 mA, T/^ = +25°C unless otherwise noted.) 





MC1776 


MC1776C 


Characteristic 

Symbol 

1201 

Typ 

Max 


Typ 


Unit 

Input Offset Voltage (Rg < 10 kf2) 

V|0 



■■ 



mm 

mV 

Ta = +25°C 









1'low* ^ ^ "Thigh* 



BBI 



BB 



Offset Voltage Adjustment Range 

V|OR 


18 


- 

18 

- 

mV 

Input Offset Current 

•lO 


■■jH 

BB 


■nm 


nA 

Ta = +25°C 




BB 



25 


Ta Thigh 




BB 



25 


Ta “T|ow 




40 



40 


Input Bias Current 

■iB 



■B 

BmiB 



nA 

Ta = +25°C 



15 



15 

50 


Ta “ Thigh 



- 

mm 


- 

50 


Ta “ Tjovv 



- 

120 


- 

100 


Input Resistance 


- 

5.0 

- 

- 

5.0 

- 


input Capacitance 

C| 

- 

2.0 

- 

- 


- 

pF 

Input Voltage Range 

V|D 




BB 



V 

T|ow *• Ta •' Thigh 


BB 

- 

- 

BB 

- 

- 


Large Signal Voltage Gam 

AvOL 







V/V 

Rl >5.0kn, Vo = i1.0 V. Ta =+25°C 


50 k 

200 k 


25 k 

200 k 



R L > 5,0 kn, Vq = ± 1.0 V, T|ow ^ ^ "^high 


25 k 

- 


25k 

- 



Output Voltage Swing 

Vo 




mm 



BB^B 

Rl •'17, Tjoyy < Ta < Thigh 


±1.9 

±2.1 

- 

Bl 

±2.1 

- 

BB 

Output Resistance 

fo 

- 

1.0 

- 


1.0 

- 

kn 

Output Short-Circuit Current 

*os 

- 

5.0 

- 

- 

5.0 

- 

mA 

Common-Mode Rejection Ratio 

CMRR 







dB 

RS < 10 kn,T,ow<TA< Thigh 


70 

86 

- 

70 

86 

- 


Supply Voltage Rejection Ratio 

PSRR 







jiV/V 

Rs < 10 kS7, Tjo^ < Ta < Thigh 


- 

25 

150 

- 

25 

200 


Supply Current 

•CC- 'EE 







pA 

Ta = +25°C 



130 

160 

- 

130 

170 


T|ow ^ Ta < Thigh 



- 

180 

- 

- 

180 


Power Dissipation 

Pd 







pW 

Ta = +25°C 



780 

960 

- 

780 

1020 


T|ow ^ Ta < Thigh 



- 

1080 

- 

- 

1080 


Transient Response (Unity Gain) 









Vjn - 20 mV, Rl > 5.0 kn. Cl “ 100 pF 









Rise Time 

ITLH 

- 

0.6 

- 

- 

0.6 

- 

PS 

Overshoot 

OS 

- 

5.0 

- 

- 

5.0 

- 

% 

Slew Rate (Rl > 5.0 kO) 

Sr 

- 

0.35 

- 

- 

0.35 

- 

V/ps 


•T|ow ■ -65°C for MCI 776 Thigh " + 125°C for MC1776 

0°CforMC1776C +70°C for MC1776C 
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MC1776, MC1776C 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Vge ” -15 V, Ijet - 1-5 nA. Ta “ +25°c unless otherwise noted.) 




MC1776 

MC1776C 


Characteristic 

Symbol 


Typ 



msB 

rnszsi 

Unit 

Input Offset Voltage (Rs < 10 kfl) 

V|o 

mm 


m 


■IB 

■IB 

mV 

Ta = +25°C 









T|ow* ^ ^ Thigh* 






iBB 

HI 


Offset Voltage Adjustment Range 

V|OR 

- 

9.0 

- 

- 

9.0 


IBB 

Input Offset Current 

ho 



■■ 



■■ 

nA 

Ta = +25°C 







^^B 


Ta ” Thigh 









Ta “ T|ow 







10 


Input Bias Current 

hB 







nA 

Ta = +25°C 




7.5 


^^B 

10 


Ta - Thigh 




7.5 


^^B 

10 


Ta - T|ow 




20 



20 


Input Resistance 

fj 

- 

50 

- 

- 

50 

- 

msom 

Input Capacitance 

Ci 

- 

2.0 

- 

- 

2.0 

- 

pF 

Input Voltage Range 

ViD 

■■ 



■■ 



V 

T|ow Ta ^ Thigh 



- 

- 


- 

- 


Large Signal Voltage Gain 

avol 







v/v 

Rl > 75 kn, Vq = ± 10 V, Ta = +25°C 


200 k 

400 k 


50 k 

400 k 



Rl ^ 75 kn, Vq = ± 10 V, Tiq^^ < T/^ < Thigh 


100 k 

- 


50 k 

- 

^Bl 


Output Voltage Swing 

Vo 

■■ 

■■ 

IHIIII^B 




V 

Rl > 75 kfi, Ta = +25°C 





±12 

±14 

- 


R L > 75 kfl, Tiovy < Ta < Thigh 


BB 

Hafl 


±10 

- 

- 


Output Resistance 

fo 

- 

5.0 

- 

- 

5.0 

- 

kn 

Output Short-Circuit Current 

•os 

- 

3.0 

- 

- 

■gm 

- 

mA 

Common-Mode Reiection Ratio 

CMRR 







dB 

Rs < 10 kfl. T(oyy < Ta < Thigh 


70 

90 

- 

70 

90 

- 


Supply Voltage Rejection Ratio 

PSRR 







mv/v 

Rs < 10 kfl, T|oyy < Ta < Thigh 


- 

25 

150 

- 

25 

200 


Supply Current 

'CC> 'EE 







tiA 

Ta = +25°C 


— 

20 

25 


20 

30 


T|ow ^ Ta < Thigh 


- 

- 

30 


- 

35 


Power Dissipation 

Pd 




mi^B 

mmi 


mW 

Ta = +25°C 




0.75 



0.9 


T|ow ^ Ta ^ Thigh 




0.9 

^^Bl 


1.05 


Transient Response (Unity Gain) 


^mim 





^Hj^H 


V|n = 20 mV, Rl > 5.0 kfl. Cl = 100 pF 









Rise Time 

*TLH 


1.6 



1.6 


MS 

" Overshoot 

OS 


0 


B^B 

0 


% 

Slew Rate (Rl > 5.0 kfl) 

Sr 

- 

0.1 

- 

- 

0.1 

- 

V/ms 


•Tlow = -55°C for MCI 776 Thigh = +125°C for MC1776 

0°C for MC1776C +70°C for MC1776C 
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MC1776, MC1776C 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Vee = -15 V, Ijet = 15 Ta = +25°c unless otherwise noted.) 




MCI 776 

MC1776C 


Characteristic 

Symbol 


Typ 

EB 

Min 

mnm 

U2QII 

Unit 

Input Offset Voltage (Rg < 10 kn) 

V|0 

miH 


■■ 




mV 

Ta = +25°C 







6.0 


^low* "'"a ^ Thigh* 




mm 


■fl 

7.5 


Offset Voltage Adjustment Range 

V|OR 


18 

- 

- 

18 

- 


Input Offset Current 

•lO 







nA 

Ta = +25°C 




15 





Ta - Thigh 




15 





Ta “ T|ow 




40 



40 


Input Bias Current 

<IB 



■■ 




nA 

Ta = +25°C 



15 

mm 


15 

50 


Ta ~ Thigh 



- 



- 

50 


Ta ~ T|ow 



- 

120 


- 

100 


Input Resistance 

f| 

- 

5.0 

- 

- 

5.0 

- 

mssm 

Input Capacitance 

c, 

- 

2.0 

- 

- 

2.0 

- 

pF 

Input Voltage Range 

V|D 




■IB 



mi 

T|ow ^ Ta < Thigh 


±10 

- 

- 

Bn 

- 

- 


Large Signal Voltage Gain 

AVOU 







v/v 

Rl >5.0kn, Vo = ±10 V, Ta = +25°c 


100 k 

400 k 


50 k 

400 k 



Rl ^ 75 kn, Vq = ± 10 V, T|ovtf ^ 7"/^ < Thigh 


75 k 

- 


50 k 

- 



Output Voltage Swing 

Vo 

■■ 

■■ 


mm 

wtm 


V 

RL>5.0kn,TA = +25°C 


BO 


- 

B9 




R L > 75 kn, T|oyy < Ta < Thigh 


BO 

mm 

- 

BB 

BB 

mill 


Output Resistance 

fo 

- 

1.0 

- 

- 

1.0 

- 

kn 

Output Short-Circuit Current 

*os 

- 

12 

- 

- 

12 

- 

mA 

Common-Mode Rejection Ratio 

CMRR 







dB 

Rs < 10 kn, T|o„y < Ta < Thigh 


70 

90 

- 

70 

90 

- 


Supply Voltage Rejection Ratio 

PSRR 







pV/V 

Rs <10 kn, Tjqih, < Ta < Thigh 


- 

25 

150 

- 

25 

200 


Supply Current 

'cc-'ee 







pA 

Ta = +25°C 


- 

160 

180 


160 

190 


T|ow < Ta < Thigh 


- 

- 

200 

jj^BB 

- 

200 


Power Dissipation 

Pd 



■■ 


■■■■ 

mm 

mW 

Ta = +25°C 









T|ow < Ta < Thigh 


11^1 



B^B 

BiB 

^BBI 


Transient Response (Unity Gam) 









Vjn = 20 mV, Rl > 5.0 kO, Cl = 100 pF 









Rise Time 

ntH 


0.35 



0.35 


MS 

Overshoot 

OS 


10 



10 

^BB 

% 

Slew Rate (Rl > 5.0 kn) 

Sr 

- 

0,8 

- 


0.8 

- 

v/ps 


*T|ow = -55°C for MCI 776 Thigh = +125°C for MC1776 

0°C for MC1776C +70°C for MC1776C 
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I|B, INPUT BIAS CURRENT InA) Avq(. OPEN-LOOP GAIN (V/V) 


MC1776, MC1776C 


TYPICAL CHARACTERISTICS 

(T/\ = +25°C unless otherwise noted.) 

FIGURE 2 - POSITIVE STANDBY SUPPLY 

FIGURE 1 - SET CURRENT versus SET RESISTOR CURRENT versus SET CURRENT 




FIGURE 3 - OPEN-LOOP GAIN versus SET CURRENT 



0 1 10 10 100 
Isei, SET CURRENT (/aA) 



001 0 1 10 10 100 


Iset, SET CURRENT (M) 


FIGURE 5 - INPUT BIAS CURRENT 
versus AMBIENT TEMPERATURE 



FIGURE 6 - GAIN-BANDWIDTH PRODUCT (GBWI 
versus SET CURRENT 
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V(RMS), MEAN SQUARE VOLTAGE (V^/Hz) 


IV1C1776, MC1776C 



TYPICAL CHARACTERISTICS (continued) 
(T/^ = +25®C unless otherwise noted.) 


FIGURE 7 - OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 


FIGURE 8 - SUPPLY CURRENT 
versus AMBIENT TEMPERATURE 



150 


120 

1 

5 90 

QC 

cc 

3 

u 

t EO 
a. 


“ 30 


0 

-60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 

T, AMBIENT TEMPERATURE (“0 



FIGURE 9 - OUTPUT SWING 
versus SUPPLY VOLTAGE 


FIGURE 10 - SLEW RATE 
versus SET CURRENT 




Vcc. IVEEI. SUPPLY VOLTAGES (V) 


Iset, SET CURRENT (M) 


FIGURE 11 - INPUT NOISE VOLTAGE 
versus SET CURRENT 



FIGURE 12 - OPTIMUM SOURCE RESISTANCE 



0 01 01 1.0 10 100 


Iset. SET CURRENT {uM 


3-130 












































MC1776, MC1776C 


APPLICATIONS INFORMATION 


FIGURE 13 - WIEN BRIDGE OSCILLATOR 


FIGURE 15 - MULTIPLE FEEDBACK BANDPASS FILTER 
(1.0 kHz) 


22 k 



((Of (a = 10kHz) 


R • I6k(i 
C = 001 tip 


FIGURE 14 - MULTIPLE FEEDBACK BANDPASS FILTER 



for a given VgE 

(q = center frequency 
A (fgl = Gam at center frequency 
Q = quality factor 
Choose a value for C, then 



H2 2 DI-PO 
4Q2r1 R5 

To obtain less than 10% error front the operational amplifier 


°0 *0 
G8W 


<01 


where tg anrf GBW are expressed in Hz. GBW is available from 
Figure E as a function of Set Current, (set 



FIGURE 16 - GATED AMPLIFIER 



FIGURE 17 - HIGH INPUT IMPEDANCE AMPLIFIER 
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QUAD SINGLE-SUPPLY 
OPERATIONAL AMPLIFIER 
FOR AUTOMOTIVE APPLICATIONS 

Thesfe internally compensated operational amplifiers are designed 
specifically for single positive power supply applications found in 
automotive and consumer electronics. Each MC3301 contains four 
independent amplifiers — making it ideal for automotive safety, pol¬ 
lution, and comfort controls. Some typical applications are tacho¬ 
meter, voltage regulator, logic circuits, power control and other 
similar usages. 

• Wide Operating Temperature Range —40 to -i-85°C 

• Single-Supply Operation — -1-4.0 to -H28 Vdc 

• Internally Compensated 

• Wide Unity Gain Bandwidth — 4.0 MHz typical 

• Low Input Bias Current — 50 nA typical 

• High Open-Loop Gam - 2000 V/V typical 


OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



FIGURE 1 - EQUIVALENT CIRCUIT 


AMPU7_,>-0 5 ^ -0 9 


AMPUip"-04 _^AMPU4^>-OlO 



FIGURE 3- INVERTING AMPLIFIER 


FIGURE 4 - NONINVERTING AMPLIFIER 


0 1 (iF 

Vin» ) |~~^ 

C , 


Av = -r^ 

VCCO+15V 


26 

VcCf + I5V ' It(mA) 


V ° ) f% %% 


Av = 10 BW= 160 kHz 

































MC3301 


MAXIMUM RATINGS (T/^ = +25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

+28 

Vdc 

Noninverting Input Current 

Ir 

5 0 

mA 

Sink Current 

'sink 

50 

mA 

Source Current 

^source 

50 

mA 

Power Dissipation (Package Limitation) 

Pd 

625 

mW 

Derate above Ta = +25°C 


5 0 

mW/°C 

Operating Temperature Range 

Ta 

-40 to +85 

°C 

Storage Temperature Range 

^stg 

-65 to +150 

°C 


ELECTRICAL CHARACTERISTICS IVcc " Vdc, Rl = 5 0 kn, T/^ = +25°C (each amplifier) unless otherwise noted] 


Characteristic 

Fig.No. 

Note 

Symbol 

Mm 

Typ 

Max 

Unit 

Open-Loop Voltage Gain 

5 

|^H|| 

Avol 




v/v 

Ta = +25°C 




1000 

2000 



-40°C <Ta <+85°C 


bh 


- 

1600 



Quiescent Power Supply Current (Total for four amplifiers) 

6 






mAdc 

Noninverting inputs open 



'DO 


69 

10 


Noninverting inputs grounded 


mill 

•dg 

iimi 

7 8 

14 


Input Bias Current, Rl = °° 


2 

'IB 




nAdc 

Ta = +25°C 





50 

300 


-40°C < Ta < +85°C 

■i 



^mi 

100 

- 


Current Mirror Gain (l|. = 200 uAdc) 

7 

3 

A| 

0 80 

0 98 

1 16 

A/A 

Current Mirror Gain Drift 








-40°C < Ta < +85°C 




- 

+ 2 5 

- 

■i 

Output Current 

8 






mAdc 

Source Capability (Vqh = 04 Vdc) 



Source 

3 0 

10 



(VoH = 9.0 Vdc) 




- 

7.0 



Sink Capability (Vql = 04 Vdc) 


imi 

Uink 

0.5 

0 87 

mi 


Output Voltage 

6 






Vdc 

High Voltage 



Vqh 

13 5 

14 2 

- 


Low Voltage (Inverting Input Driven) 



'^OL(inv) 

- 

0 03 

0 1 


(Noninverting Input Driven) 



'^OL(non) 

- 

06 

- 


Input Resistance (Inverting input only) 



P'in 

0 1 

1.0 

- 

Meg fl 

Slew Rate (Cl =100 pF, Rl = 5 0 k) 



SR 

-- 

06 

- 

V/ps 

Unity Gain Bandwidth 


4 

BW 

- 

40 

- 

MHz 

Phase Margin 


4 

0m 

- 

70 

- 

Degrees 

Power Supply Rejection (f = 100 Hz) 



PSSR 

- 

55 

- 

dB 

Channel Separation (f = 1.0 kHz) 



eol/eo2 

- 

65 

- 

dB 


NOTES; 

1 The quiescent current drain will increase approximately 0 3 
mA for each inverting or noninverting input that is grounded. 
2. Input bias current can be defined only for the inverting input. 
The noninverting input is not a true "differential input" — as 
with a conventional 1C operational amplifier. As such this 


input does not have a requirement for input bias current 

3 Current mirror gam is defined as the current demanded at the 
inverting input divided by the current into the noninvertmg 
input 

4 Bandwidth and phase margin are defined with respect to the 
voltage gain from the inverting input to the output 
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MC3301 


TYPICAL CHARACTERISTICS 

(Vcc = +15 Vdc, Rl = 5.0 kO.TA = +25°C 
[each amplifier] unless otherwise noted.) 



FIGURE 5 - OPEN-LOOP VOLTAGE GAIN FIGURE 6 - QUIESCENT POWER SUPPLY CURRENT 



Ido. SI = A S2 = 0PEN 


IDG. S1 = A S2 = CLOSED 
VOH(-). S1 = C S2 = CLOSED 
Vol(-). SI = B S2 = CLOSED 
Vol(+). S1 = A S2= CLOSED 


FIGURE 7 - INPUT BIAS CURRENT AND 

CURRENT MIRROR GAIN FIGURE 8 - OUTPUT CURRENT 
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MC3301 


OPERATION AND APPLICATIONS 


Basic Amplifier linear operation at the output The sink current of the device can 

be forced to exceed the specified level by keeping the output dc 
The basic amplifier is the common emitter stage shown in Figures voltage above ^1.0 volt resulting in an increase in the distortion 

15 and 16 The active load I ■) is buffered from the input transistor appearing at the output. Closed loop stability is maintained by an 

by a PNP transistor, Q4, and from the output by an NPN transistor, on-the-chip 3-pF capacitor shown in Figure 18 on the following 

Q2 Q2 IS biased class A by the current source I 2 . The magnitude page No external compensation is required, 

of I 2 (specified Isink* 'S a limiting factor in capacitively coupled 

FIGURE 15 
BLOCK DIAGRAM 



A noninverting input is obtained by adding a current mirror as 
shown in Figure 17 Essentially all current which enters the non- 
inverting input. If, flows through the diode CR1 The voltage 
drop across CR1 corresponds to this input current magnitude and 
this same voltage is applied to a matched device, Q3. Thus Q3 is 
biased to conduct an emitter current equal to 1^. Since the alpha 


current gam of Q3 ^ 1, its collector current is approximately equal 
to If also In operation this current flows through an external 
feedback resistor which generates the output voltage signal. For 
inverting applications, the noninverting input is often used to set 
the dc quiescent level at the output Techniques for doing this are 
discussed in the "Normal Design Procedure" section 



Biasing Circuitry 

The circuitry common to all four amplifiers is shown m Figure 19, 
see next page The purpose of this circuitry is to provide biasing 
voltage for the PNP and NPN current sources used m the amplifiers. 
The voltage drops across diodes CR2, CR3 and CR4 are used as 
references. The voltage across resistor R1 is the sum of the drops 
across CR4 and CR3 minus the Vgg of Q8 The PNP current 
sources (Q5, etc ) are set to the magnitude VgE/RI by transistor 


Q6. Transistor Q7 reduces base current loading The voltage 
across resistor R2 is the sum of the voltage drops across CR2, CR3 
and CR4, minus the VgE drops of transistor Q9 and diode CRB. 
The current thus set is established by CRB in all the NPN current 
sources (Q10, etc.) This technique results in current source magni¬ 
tudes which are relatively independent of the supply voltage Q11 
(Figure 15) providescircuit protection from signals that are negative 
with respect to ground. 
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IV1C3301 


OPERATION AND APPLICATIONS (continued) 

FIGURE 18 - A BASIC OPERATIONAL AMPLIFIER FIGURE 19 - BIASING CIRCUITRY 



NORMAL DESIGN PROCEDURE 


1 Output Q-Point Biasing 

A. A number of techniques may be devised to bias the quiescent 
output voltage to an acceptable level. However, in terms of 
loop gam considerations it is usually desirable to use the 
noninverting input to effect the biasing as shown in Figures 
3 and 4 (see the first page of this specification). The high 
impedance of the collector of the noninverting “current 
mirror" transistor helps to achieve the maximum loop gain 
for any particular configuration. It is desirable that the non¬ 
inverting input current be in the 10 pA to 200 pA range. 


B. Vcc Reference Voltage (see Figures 3 and 4) 

The noninverting input is normally returned to the V^C 
voltage (which should be well filtered) through a resistor. 


Rr, allowing the input current, 1^, to be within the range of 
lOpA to 200 pA. Choosing the feedback resistor, Rf, to be 
equal to 'A R^will now bias the amplifier output dc level to 


This allows the maximum dynamic 


range of the output voltage. 


C Reference Voltage other than V^c (see Figure 20) 

The biasing resistor Rr may be returned to a voltage (Vf) 
other than Vqq. By setting Rf = R^, (still keeping If be¬ 
tween 10 pA and 200 pA) the output dc level will be equal 
to Vr The expression for determining Vodc 'S 

where 0 is the Vrf drop of the input transistors (approxi¬ 
mately 0.6 Vdc @ +25°C and assumed equal). A| is the 
current mirror gam. 

2. Gam Determination 
A. Inverting Amplifier 

The amplifier is normally used in the inverting mode. The 
input may be capacitively coupled to avoid upsetting the 
dc bias and the output is normally capacitively coupled to 
eliminate the dc voltage across the load. Note that when 
the output IS capacitively coupled to the load, the value of 


FIGURE 20 - INVERTING AMPLIFIER WITH 
ARBITRARY REFERENCE 


FIGURE 21 - INVERTING AMPLIFIER WITH 
Av= 100AND V, = Vcc 


Rf 510 k 



frequency response. 
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MC3301 


NORMAL DESIGN PROCEDURElcontmued) 


Isink becomes a limitation with respect to the load driving 
capabilities of the device The limitation is less severe if the 
device is direct coupled In this configuration, the ac gain 
IS determined by the ratio of Rf to R,, in the same manner 
as for a conventional operational amplifier. 



The lower corner frequency is determined by the coupling 
capacitors to the input and load resistors The upper corner 
frequency will usually be determined by the amplifier in¬ 
ternal compensation The amplifier unity gain bandwidth 
IS typically 4.0 MHz and with the gam roll-off at 20 dB per 
decade, bandwidth will typically be 400 kHz with 20 dB of 
closed loop gam or 40 k Hz with 40 dB of closed loop gain. 
The exception to this occurs at low gains where the input 
resistor selected is large The pole formed by the amplifier 
input capacitance, stray capacitance and the input resistor 
may occur before the closed loop gam intercepts the open 
loop response curve. The inverting input capacity is typi¬ 
cally 3 0 pF 


B. IMonmvertmg Amplifier 

The MC3301 may be used m the noninverting mode (see 
Figure 4, first page) The amplifier gam m this configuration 
IS subject to the current mirror gam In addition, the resis¬ 
tance of the input diode must be included in the value of 

the input resistor. This resistance is approximately ^ ohms, 

where 1^ is input current in milliamperes The noninverting 
ac gam expression is given by 


„ _ (Rf)(A,) 

^ 26 
' Ir(mA) 


The bandwidth of the nonmverting configuration for a given 
Rf value is essentially independent of the gain chosen. For 
Rf = 510 kn the bandwidth will be in excess of 200 kHz 
for nonmverting gams of 1, 10, or 100 This is a result of 
the loop gam remaining constant for these gams since the 
input resistor is effectively isolated from the feedback loop 


TYPICAL APPLICATIONS 

FIGURE 22 - TACHOMETER CIRCUIT 


Vcc = +12V 



Hysterisis Voltage for Switching 
= (VcC-16) 


Timing Interval t==07R1C1 


Vp p 2 (Vq-Q 6) • A) • t 
RyCi 


FIGURE 23 - VOLTAGE REGULATOR 



For positive Tg tenets R2 and R1 can be 
selected to give 0 Tc output 


FIGURE 24 - LOGIC "OR" GATE 
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MC3301 


TYPICAL APPLICATIONS (continued) 

FIGURE 25 - LOGIC “NANO" GATE (Large Fan-In) FIGURE 26 - LOGIC "NOR" GATE 




FIGURE 27 - R-S FLIP-FLOP 

Vcc Vcc 



FIGURE 28 - ASTABLE MULTIVIBRATOR 

Vcc = +15V 



FIGURE 29 - POSITIVE-EDGE DIFFERENTIATOR FIGURE 30 - NEGATIVE-EDGE DIFFERENTIATOR 


OOOI/iF 



Output Rise Time 0 22 ms 

Input Change Time Constant =« 1 0 ms 0 001 pF 






ORDERING INFORMATION 


Device Temperature Range 


MC3401L 

MC3401P 


0°C to +70°C 
O'C to +70°C 


Package 


Ceramic DIP 
Plastic DIP 


MC3401 


Specifications and Applications 
Information 


QUAD SINGLE-SUPPLY OPERATIONAL AMPLIFIER 


These internally compensated operational amplifiers are de¬ 
signed specifically for single positive power supply applications 
found in industrial control systems and automotive electronics. 
Each MC3401 device contains four independent amplifiers — 
making it ideal for applications such as active filters, multi-channel 
amplifiers, tachometer, oscillator and other similar usages. 


• Single-Supply Operation - +5.0 Vdc to +18 Vdc 

• Internally Compensated 

• Wide Unity Gain Bandwidth - 5.0 MHz typical 

• Low Input Bias Current - 50 nA typical 

• High Open-Loop Gain - 1000 V/V minimum 


QUAD 

OPERATIONAL AMPLIFIER 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 





FIGURE 3 - INVERTING AMPLIFIER 
Rf 

510 k 


FIGURE 4 - NONINVERTING AMPLIFIER 


01 f 1 0 hCT 


for — < Rj 
cjC 


VcCo+15V 



Rf 

Aw =-1- 

n 26 

R, +- 

Ir(niA) 

BW = 250 kHz 


Av = 10 BW= 150 kHz 


0''>‘*^510k 'r — 


IMfRr ? 
• +15V i 
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MC3401 


MAXIMUIVI RATINGS (T/^ = +25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

+ 18 

Vdc 

IMon-inverting Input Current 


50 

mA 

Power Dissipation 

Pd 

625 

mW 

Derate above T^ = +25°C 


50 

mW/°C 

Operating Temperature Range 

Ta 

0 to + 70 

°C 

Storage Temperature Range 

^stg 

-65 to +150 

°C 


ELECTRICAL CHARACTERISTICS = +15 Vdc, Rl = 50 kn, T/^ = +25°C (each amplifier) unless otherwise noted] 


Characteristic 

Fig. No. 

Note 

Symbol 

Min 

Typ 

Max 

Unit 

Open-Loop Voltage Gain 

5,9,10 

B 

Avol 



imi 

V/V 

Ta = +25°C 




1000 

2000 



0°C < Ta < +70°C 


m 


800 

- 



Quiescent Power Supply Current (Total for four amplifiers) 

6,12 

2 





mAdc 

Noninverting inputs open 



•do 


69 

10 


Noninverting inputs grounded 



'dg 

mill 

7.8 

14 


Input Bias Current, Rl = 

5 

3 

— 




nAdc 

Ta = + 25OC 



■H 


50 

300 


0°C < Ta < +70°C 




mm 

- 

500 


Output Current 

5 

mm 





mAdc 

Source Capability 

13 


* source 

5 0 

10 



Sink Capability 

14 


*sink 

0.5 

1.0 

mmi 


Output Voltage 







Vdc 

High Voltage 

7 

5 

Vqh 

13.5 

14.2 

- 


Low Voltage 

7 

5 

Vql 

- 

0.03 

0.1 


Undistorted Output Swing (0°C < Ta < +70°C) 

8 

6 

Vo(p-p) 

10 

13.5 

- 

'^(p-p) 

Input Resistance 

5 


P*in 

0.1 

1.0 

- 

MEG n 

Slew Rate (Cl = 100 pF, Rl = 5.0 k) 



SR 

- 

0.6 

- 

v/ps 

Unity Gain Bandwidth 



BW 

- 

5.0 

- 

MHz 

Phase Margin 



I'm 

- 

70 

- 

Degrees 

Power Supply Rejection (f = 100 Hz) 


7 

PSSR 

- 

55 

- 

dB 

Channel Separation (f = 1.0 kHz) 



eol/eo2 

- 

65 

- 

dB 


NOTES 

1. Open loop voltage gain is defined as the voltage gain from the 
inverting input to the output 

2. The quiescent current will increase approximately 0.3 mA for 
each noninverting input which is grounded. Leaving the non- 
inverting input open causes the apparent input bias current to 
increase slightly (100 nA) at high temperatures. 

3 Input bias current can be defined only for the inverting input. 
The noninverting input is not a true "differential input” — as 
with a conventional 1C operational amplifier As such this in¬ 
put does not have a requirement for input bias current. 

4. Sink current is specified for linear operation. When the device 
IS used as a gate or a comparator (non-linear operation), the 
sink capability of the device is approximately 5.0 milliamperes. 

5. When used as a noninverting amplifier, the minimum output 
voltage is the Vgg of the inverting input transistor. 

6. Peak-to-peak restrictions are due to the variations of the qui¬ 
escent dc output voltage in the standard configuration (Figure 
8 ). 

7. Power supply rejection is specified at closed loop unity gam, 
and therefore indicates the supply rejection of both the biasing 
circuitry and the feedback amplifier. 
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MC3401 


SIMPLIFIED TEST CIRCUITS 

(Vcc = +15 Vdc, Rl = 5.0 kn, = +25°C 
[each amplifier) unless otherwise noted) 


FIGURE 5 - OPEN-LOOP GAIN AND INPUT RESISTANCE 

(INPUT BIAS CURRENT, OUTPUT CURRENT) FIGURE 6 - OUIESCENT POWER SUPPLY CURRENT 



linear operating region. 



Ido is lo'al supply current with "+" input open 
IDG is total supply current with "+" input grounded 


FIGURE 7 - OUTPUT VOLTAGE SWING 


FIGURE 8 - PEAK-TO-PEAK OUTPUT VOLTAGE 



Vql measured with input biased up as shown 
Vqh measured with input grounded. 


Rf 

510 k 



for Rf 2Rf 
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MC3401 


TYPJCAL CHARACTERISTICS 

(Vcc = +15 Vdc, Rl = 5.0 kT2. = +25°C 
[each amplifier] unless otherwise noted ) 


FIGURE 9 - OPEN-LOOP VOLTAGE GAIN versus FREQUENCY 



100 10k 10 k 100 k 1,0 M 10 M 

f, FREQUENCY (Hz) 


FIGURE 10 - OPEN-LOOP VOLTAGE GAIN 
versus SUPPLY VOLTAGE 



FIGURE 11 - OUTPUT RESISTANCE versus FREQUENCY 




0 2 0 4.0 6 0 8 0 10 12 14 16 18 20 


Vcc, SUPPLY VOLTAGE (Vdc) 


FIGURE 13 - LINEAR SOURCE CURRENT versus 
SUPPLY VOLTAGE 



FIGURE 14 - LINEAR SINK CURRENT versus 
SUPPLY VOLTAGE 



0 2 0 4.0 6.0 8 0 10 12 14 16 18 20 


Vcc, SUPPLY VOLTAGE (Vdc) 


Vcc, SUPPLY VOLTAGE (Vdc) 
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MC3401 


OPERATION AND APPLICATIONS 

Basic Amplifier 

The basic amplifier is the common emitter stage shown in Figures linear operation at the output. The sink current of the device can 

15 and 16 The active load I-] is buffered from the input transistor be forced to exceed the specified level with an increase in the 

by aPNP transistor, Q4, and from the output by an NPN transistor, distortion appearing at the output Closed loop stability is main- 

Q2. Q2 IS biased class A by the current source 12- The magnitude tained by an on-the-chip 3-pF capacitor shown in Figure 18. No 

of l2 (specified Ijmk) ^ limiting factor in capacitively coupled external compensation is required. 

FIGURE 15 
BLOCK DIAGRAM 



2 "1 '13 - 12 


70-x 
GND = 

A noninverting input is obtained by adding a current mirror as alpha current gain of Q3 ^ 1, its collector current Iin2 also, 

shown in Figure 17. Essentially all current which enters the non- In operation this current flows through an external feedback resis- 

inverting input, I|n2. flows through the diode CR1. The voltage tor which generates the output voltage signal For inverting appli- 

drop across CR1 corresponds to this input current magnitude and cations, the noninverting input is often used to set the dc quiescent 

this same voltage is applied to a matched device, Q3. Thus Q3 is level at the output. Techniques for doing this are discussed in the 

biased to conduct an emitter current equal to 11^2- Since the "Normal Design Procedure" section. 


FIGURE 16 - A BASIC GAIN STAGE FIGURE 17 - OBTAINING A NONINVERTING INPUT 



Biasing Circuitry 

The circuitry common to all four amplifiers is shown in Figure 19. 
The purpose of this circuitry is to provide biasing voltage for the 
PNP and NPN current sources used in the amplifiers. 

The voltage drops across diodes CR2, CR3 and CR4 are used as 
references. The voltage across resistor R1 is the sum of the drops 
across CR4 and CR3 minus the Vsg of Q8. The PNP current 
sources (Q5, etc.) are set to the magnitude VgE/RI by transistor 



Q6. Transistor Q7 reduces base current loading. The voltage 
across resistor R2 is the sum of the voltage drops across CR2, CR3 
and CR4, minus the VgE drops of transistor Q9 and diode CR5. 
The current thus set is established by CR5 in all the NPN current 
sources (Q10, etc.). This technique results in current source magni¬ 
tudes which are relatively independent of the supply voltage. 
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MC3401 


OPERATION AND APPLICATIONS (continued) 


FIGURE 18 - A BASIC OPERATIONAL AMPLIFIER FIGURE 19 - BIASING CIRCUITRY 



NORMAL DESIGN PROCEDURE 


1 . 


Output Q-Point Biasing 

A. A number of techniques may be devised to bias the quiescent 
output voltage to an acceptable level. However, in terms of 
loop gain considerations it is usually desirable to use the 
noninverting input to effect the biasing as shown in Figures 
3 and 4. The high impedance of the collector of the non- 
invertmg "current mirror" transistor helps to achieve the 
maximum loop gain for any particular configuration. It is 
desirable that the noninverting input current be in the 5 pA 
to 100 pA range. 

B Vcc Reference Voltage (see Figures 3 and 4) 

The noninverting input is normally returned to the V^c 
voltage (which should be well filtered) through a resistor, 
R|-, allowing the input current, 1^, to be within the range of 
5 pA to 100 pA. Choosing the feedbac)< resistor, Rf, to be 
equal to '/i R|. will now bias the amplifier output dc level to 


This allows for maximum dynamic 


range of the output voltage. 


C. Reference Voltage other than Vcc (See Figure 20). 


The biasing resistor Rf may be returned to a voltage (Vf) 


other than Vqq. By setting Rf = Rf, (still keeping \f between 
5 pA and 100 pA) the output dc level will be equal to V^ 
Neglecting error terms, the expression for determining Vodc 

vo.= ^- .(.-i;). 

where 0 is the VgE drop of the input transistors (approxi¬ 
mately 0 7 Vdc (5) -H25°C). 

The error terms not appearing in the above equation can 
cause the dc operating point to vary up to 20% from the 
expected value. Error terms are minimized by setting the 
input current within the range of 5 pA to 100 pA. 

2. Gain Determination 
A. Inverting Amplifier 

The amplifier is normally used m the inverting mode. The 
input may be capacitively coupled to avoid upsetting the 
dc bias and the output is normally capacitively coupled to 
eliminate the dc voltage across the load. Note that when 
the output IS capacitively coupled to the load, the value of 


FIGURE 20 - INVERTING AMPLIFIER WITH 
ARBITRARY REFERENCE 


FIGURE 21 - INVERTING AMPLIFIER WITH 
Ay = 100 AND Vr = Vqc 



.'^-14.c; 



IV1C3401 


NORMAL DESIGN PROCEDURE (continued) 


Ijink becomes a limitation with respect to the load driving 
capabilities of the device The limitation is less severe if the 
device is direct coupled In this configuration, the ac gain 
IS determined by the ratio of Rf to R,, in the same manner 
as for a conventional operational amplifier 



The lower corner frequency is determined by the coupling 
capacitors to the input and load resistors.The upper corner 
frequency will usually be determined by the amplifier in¬ 
ternal compensation The amplifier unity gam bandwidth 
IS typically 5 0 MHz and with the gam roll-off at 20 dB per 
decade, bandwidth will typically be 500 kHz with 20 dB of 
closed loop gam or 50 kHz with 40 dB of closed loop gam. 
The exception to this occurs at low gams where the input 
resistor selected is large. The pole formed by the amplifier 
input capacitance, stray capacitance and the input resistor 
may occur before the closed loop gam intercepts the open 
loop response curve. The inverting input capacity is typi¬ 
cally 3 0 pF. 


Nonmvertmg Amplifier 

Although recommended as an inverting amplifier, the MC 
3401 may be used in the nonmverting mode (see Figure 4), 
The amplifier gam m this configuration is subject to the 
same error terms that affect the output Q point biasing so 
the gam may deviate as much as +20% from that expected. 
In addition, the resistance of the input diode must be in¬ 
cluded m the value of the input resistor. This resistance is 
26 

approximately — ohms, where 1^ is input current m milli- 
Ir 

amperes The nonmverting gam expression is given by 


Av - 


Rf 

26 


±20%. 


Ri +- 

Ir (mA) 

The bandwidth of the nonmverting configuration for a given 
Rf value is essentially independent of the gam chosen. For 
Rf = 510 kn the bandwidth will be m excess of 200 kHz 
for nonmvertmg gams of 1, 10, or 100 This is a result of 
the loop gam remaining constant for these gams since the 
input resistor is effectively isolated from the feedback loop 


TYPICAL APPLICATIONS 

FIGURE 22 - AMPLIFIER AND DRIVER FOR A 50-OHM LINE 


510 k 



FIGURE 23 - BASIC BANDPASS AND NOTCH FILTER 

R 
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Bandpass Gain = 1 














MC3403P,L 

MC3503L 

MC3303P,L 


SpGoifiOcitionw iincl Applications 
Information 


QUAD LOW POWER OPERATIONAL AMPLIFIERS 

The MC3503 is a low-cost, quad operational amplifier with true 
differential inputs. The device has electrical characteristics similar to 
the popular MC1741. However, the MC3503 has several distinct 
advantages over standard operational amplifier types in single supply 
applications. The quad amplifier can operate at supply voltages as 
low as 3,0 Volts or as high as 36 Volts with quiescent currents 
about one third of those associated with the l\/IC1741 (on a per 
amplifier basis). The common mode input range includes the negative 
supply, thereby eliminating the necessity for external biasing com¬ 
ponents in many applications. The output voltage range also includes 
the negative power supply voltage. 

• Short Circuit Protected Outputs 

• Class AB Output Stage for Minimal Crossover Distortion 

• True Differential Input Stage 

• Single Supply Operation: 3.0 to 36 Volts 

• Split Supply Operation: ±1.5 to ±18 Volts 

• Low Input Bias Currents: 500 nA Max 

• Four Amplifiers Per Package 

• Internally Compensated 

e Similar Performance to Popular MCI 741 


SPLIT SUPPLIES 


:=:i.5 V to 18 V 




QUAD DIFFERENTIAL 
INPUT 

OPERATIONAL AMPLIFIERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



L SUFFIX 

CERAMIC PACKAGE 
CASE 632 
TO-116 


PSUFFIX 

PLASTIC PACKAGE 
CASE 646 

(MC3403 and MC3303 only) 



MAXIMUM RATINGS 


Rating 


Power Supply Voltages 
Single Supply 
Split Supplies 


Input Dinerential Voltage Range (1) 


Input Common Mode Voltage Range (1) (2) 


Storage Temperature Range 
Ceramic Package 
Plastic Package 


Operating Ambient Temperature Range 
MC3503 
MC3403 
MC3303 


Junction Temperature 
Ceramic Package 
Plastic Package 


(1) Split Power Supplies. 

(2) For Supply Voltages less than ±15 V, the absolute maximum input voltage is equal to the 
supply voltage. 



Type 

Temperature Range 

Package 

MC3303L 

MC3303P 

MC3403L 

MC3403P 

MC3503L 

-40°C to +85°C 
-40°C to -^85°C 
0°C to ■r70°C 

0°C to -^70°C 
-55°C to-H25°C 

Ceramic DIP 
Plastic DIP 
Ceramic DIP 
Plastic DIP 
Ceramic DIP 
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MC3403P, L, MC3503L, MC3303P, L 


ELECTRICAL CHARACTERISTICS IVcc ■ +15 V. Vee “ -15 V for MC3503. MC3403: Vcc “ +14 V, Vee “ Gnd for MCC3303. 
Ta ” 25^C unless otherwise noted.) 


Characteristic 


Input Offset Voltage 
Ta “ Thigh to T|ow ID 


Input Offset Current 
Ta ® Thigh to Tjow 


Large Signal Open-Loop Voltage Gain 
Vo = ±10V,RL=20kn. 

Ta “ Thigh to T|o»«/ 


Output Impedance 
f = 20 Hz 


Input Impedance 
f = 20H2 


Output Voltage Range 
Rl = 10 kn 
Rl = 20 kH 

Rl« 2 0kn.TA*Th|ght^lo„v 


Input Common-Mode Voltage Range 


Common-Mode Reiection Ratio 
RS <10 kn 


Ind* '-dual Output Short-C 


Positive Po-ver Supply Rejection Ratio 


Negative Power Supply Reject 


Average Temperature Coefficient of Input 
Offset Current 
Ta “ Thigh to Tjovv 


Average Temperature Coefficient of Input 
Offset Voltage 
Ta * Thigh to T|Qy,y 


Power Bandwidth 

Av - 1, Rl “ 2 0 kn, Vo * 20 V(p-p). 
THD * 5% 




Phase Margin 

Av = 1 .Rl = 2 0 kn.CL* 200pF 


Crossover uistortion 

(V,n = 30 mVp-p, Vqui =20 Vp-p, 
10kHz) 


(1) Thigh = 125°C for MC3503. 70OC for MC3403, 85°C for MC3303 
Tjow = -55°C for MC3503, 0°C for MC3403, -40°C for MC3303 
ELECTRICAL CHARACTERISTICS (Vqq * 5 0 V, Vee ” Gnd. T^ = 25^C unless otherwise noted ) 


Characteristic 


Input Offset Voltage 


Input Offset Current 


Input Bias Current 



Output Voltage Range (3) 

Rl * 10 kn. Vcc • 5 o v 
Rl - 10kn.50V<Vcc<30V 


Power Supply Current 


Channel Separation 

f « 1.0 kHz to 20 kHz (Input Referenced) 


(2) Not to exceed maximum package power dissipation. 

(3) Output will swing to ground 


3-149 





















































































































































MC3403P, L, MC3503L, MC3303P, L 


CIRCUIT SCHEMATIC Circuitry 

Common to Four 



INVERTER PULSE RESPONSE 



20 MVdiv. 


CIRCUIT DESCRIPTION 

The MC3503/3403/3303 is made using four internally 
compensated, two-stage operational amplifiers. The first 
stage of each consists of differential input devices Q24 and 
Q22 with input buffer transistors Q25 and Q21 and 
the differential to single ended converter Q3 and Q4. 
The first stage performs not only the first stage gain 
function but also performs the level shifting and trans¬ 
conductance reduction functions. By reducing the trans- 
conductance a smaller compensation capacitor (only 5 pF) 
can be employed, thus saving chip area. The transcon¬ 
ductance reduction is accomplished by splitting the col¬ 
lectors of Q24 and Q22. Another feature of this input 
stage is that the input common-mode range can include 


the negative supply or ground, in single supply operation, 
without saturating either the input devices or the dif¬ 
ferential to single-ended converter. The second stage con¬ 
sists of a standard current source load amplifier stage. 

The output stage is unique because it allows the output 
to swing to ground in single supply operation and yet does 
not exhibit any crossover distortion in split supply oper¬ 
ation. This is possible because class AB operation is utilized. 

Each amplifier is biased from an internal-voltage regu¬ 
lator which has a low temperature coefficient thus giving 
each amplifier good temperature characteristics as well as 
excellent power supply rejection. 
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MC3403P, L, MC3503L, MC3303P, L 


APPLtCATIONS INFORMATION 


FIGURE 7 - VOLTAGE REFERENCE 
Vcc 


FIGURE 8 - WEIN BRIDGE OSCILLATOR 

50 k 


• Vcc 



1 P 

1 P 

MC3403'>-0-' 

—• Vq 


10 k 



>r fg = 1 kHz 
R = 16 kn 
C = 0.01 mf 


FIGURE 9 - HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER 


FIGURE 10 - COMPARATOR WITH HYSTERESIS 



C (1 + a + b) (e2 - el) 


R2 


r\^ 

• 

Vref 

R2 

1/4\. 

!MC3403>-0-^ 




YpnL ~ I'^OL ~ Yref) + V^f 

V|nH " ~ 


FIGURE 11 - BI-QUAD FILTER 




R3 = T^r 2 


1/4\^ 



MC340^ 

_oJ Cl = 10 0 


(— O- 

For fg = 1 kHz 


•Vref 

Q ■= 10 



Tap = 1 



u 

Z 
‘ H 


Cl 

V—0-1 1 \( _ 





R “ 160 kfl 

C = 0.001 )iF 



R1 = 1.6 Mn 

Where T’ 0 p = Center Frequency Gain 

R2 = 1.6 Mn 

T|y| = Passband Notch Gain 

R3= 1 6 Mn 






MC3403P, L, MC3503L, MC3303P, L 


FIGURE 12 - FUNCTION GENERATOR 


Triangle Wave R2 



FIGURE 13- MULTIPLE FEEDBACK BANDPASS FILTER 



Choose Value fg, C 
Then. 


R3 = 


R1 = 


R2 = 


Q 

rr fo C 
B3 

2 A (to) 

R1 R5 

4q2 R1 - R5 


For less than 10% error from operational amplifier 


-^< 0.1 


Where and BW are expressed in Hz 


If source impedance varies, filter may be preceded with 
voltage follower buffer to stabilize filter parameters. 


Square Wave 
Output 


3 
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Specifications and Applications 
Information 


DUAL LOW POWER OPERATIONAL AMPLIFIERS 

Utilizing the circuit designs perfected for recently introduced 
Quad Operational Amplifiers, these dual operational amplifiers 
feature 1) low power dram, 2) a common mode input voltage range 
extending to ground/V^E. 3) Single Supply or Split Supply operation 
and 4) pm outs compatible with the popular MC1558 dual operational 
amplifier. The l\/IC3558 Series is equivalent to one-half of a MC3503. 

These amplifiers have several distinct advantages over standard 
operational amplifier types m single supply applications. They can 
operate at supply voltages as low as 3.0 Volts or as high as 36 Volts 
with quiescent currents about one-fifth of those associated with the 
MCI741 (on a per amplifier basis). The common mode input range 
includes the negative supply, thereby eliminating the necessity for 
external biasing components in many applications. The output voltage 
range also includes the negative power supply voltage. 

• Short Circuit Protected Outputs 

• True Differential Input Stage 

• Single Supply Operation 3.0 to 36 Volts 

• Low Input Bias Currents 

• Internally Compensated 

• Common Mode Range Extends to Negative Supply 

• Class AB Output Stage for Minimum Crossover Distortion 

• Single and Split Supply Operations Available 

• Similar Performance to the Popular MCI558 


MAXIMUM RATINGS 


Rating 


Power Supply Voltages 
Single Supply 
Split Supplies 



DUAL DIFFERENTIAL 
INPUT 

OPERATIONAL AMPLIFIERS 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


G SUFFIX 
METAL PACKAGE 
CASE 601 



Output B 

Xt) 


VgE/GncJ 

(TOP VIEW) 

PI SUFFIX 
PLASTIC PACKAGE 
CASE 626 

(MC3458, MC3358 only) 


Input Differential Voltage 

Range (1) 

V|DR 


30 

Vdc 

Input Common Mode Voltage 

Range (2) 

V|CR 


15 

Vdc 

Input Forward Current 
(V| < -0.3 V) 

'IF 

50 

mA 

Junction Temperature 

Ceramic and Metal Packages 
Plastic Package 

Tj 

175 

150 

°C 

Storage Temperature Range 

Ceramic and Metal Packages 
Plastic Package 

^stg 

-65 to +150 
-55 to +125 

°C 

Operating Ambient Temper¬ 
ature Range 

MC3558 

MC3458 

MC3358 

Ta 

-55 to ■H25 

0 to +70 
-40 to +85 

_ 

o 

c 



U SUFFIX 

CERAMIC PACKAGE 
CASE 693 



(1) Split Power Supplies 

(2) For Supply Voltages less than i 15 V, the absolute maximum input voltage is equal to 
the supply voltage. 



£] Vcc 
7] Output B 
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MC3458, MC3558, MC3358 


(For MC3558, MC3458, N/qq - +15 V, Vgg * -15 V.Ty^ * 25°C unless otherwise noted ) (For MC3358, Vcc ■ +14 V, ■ Gnd, 
ELECTRICAL CHARACTERISTICS » 25^C, unless otherwise noted ) 


Input Offset Voltage 

* "^high 1® ^low ^ ^ ^ 


Input Offset Current 
Ta“ Thigh fo T|ovw 


Large Signal Open-Loop Voltage Gam 
Vo- ±10V,RL=20kn. 

Ta “ Thigh T|ow 


Input Bias Current 
Ta * Thigh 10 T|oww 


Output Impedance 
f = 20 Ha 


Input Impedance 
f = 20Hz 



Crossover Distortion 

(V,n - 30 m Vp-p, Vq^ = 2 0 Vp p, 
f * 10kHz) 


Thigh = 125®C for MC3558, 70°C for MC3458. 85°C for MC3358 
T|ow = -55°C for MC3558, 0°C for MC3458. -40°C for MC3358 

ELECTRICAL CHARACTERISTICS IVqc - 5 0 V, Vgg = Gnd, T/y = 25®C unless otherwise noted I 



Output Voltage Range (3) 

Rl - 10 kn. Vcc • 5 0 V 
Rl • 10 kn. 5 0 V < Vcc < 30 V 


Power Supply Current 


Channel Separation 

f ■ 1 0 kHz to 20 kHz (Input Referenced) 


(2) Not to exceed maximum package power dissipation 

(3) Output will swing to ground 
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iVlC3458, MC3558, MC3358 


REPRESENTATIVE CIRCUIT SCHEMATIC Bias Circuitry 

Common to Both 



INVERTER PULSE RESPONSE 



20 tis/div 


CIRCUIT DESCRIPTION 

The MC3558 Series is made using two internally 
compensated, two-stage operational amplifiers The first 
stage of each consists of differential input devices Q24 and 
Q22 with input buffer transistors Q25 and Q21 and 
the differential to single ended converter Q3 and Q4. 
The first stage performs not only the first stage gain 
function but also performs the level shifting and trans¬ 
conductance reduction functions. By reducing the trans¬ 
conductance a smaller compensation capacitor (only 5 pF) 
can be employed, thus saving chip area The transcon¬ 
ductance reduction is accomplished by splitting the col¬ 
lectors of Q24 and Q22. Another feature of this input 
stage is that the input common-mode range can include 
the negative supply or ground, in single supply operation, 
without saturating either the input devices or the dif¬ 
ferential to single-ended converter. The second stage con¬ 
sists of a standard current source load amplifier stage. 

The output stage is unique because it allows the output 
to swing to ground in single supply operation and yet does 
not exhibit any crossover distortion m split supply oper¬ 
ation. This is possible because class AB opieration is utilized. 

Each amplifier is biased from an internal-voltage regu¬ 
lator which has a low temperature coefficient thus giving 
each amplifier good temperature characteristics as well as 
excellent power supply rejection. 
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I|B. INPUT BIAS CURRENT (nA) Vq, OUTPUT VOLTAGE (VOLTS p-p) 50 mV/div. 0.5 V/div. 


MC3458, MC3558, MC3358 


TYPICAL PERFORMANCE CURVES 


FIGURE 1 - SINE WAVE RESPONSE 




10 10 100 10k 10 k 100 k 10M 

I, FREOUENCYlHz) 



1.0k 10k 100k 10M 



0 2 0 40 6 0 8 0 10 12 14 18 18 20 


f, FREQUENCY (Hz| 


Vcc AND Vee. power SUPPLY VOLTAGES (VOLTS) 


FIGURE 5 - INPUT BIAS CURRENT verttii TEMPERATURE 



FIGURE 6- INPUT BIAS CURRENT versus SUPPLY VOLTAGE 



AT 



















IVIC3458, MC3558, MC3358 


APPLICATIONS INFORMATION 


FIGURE 7 - VOLTAGE REFERENCE 


FIGURE 8 - WIEN BRIDGE OSCILLATOR 


'^CC 50 k 




FIGURE 9 - HIGH IMPEDANCE DIFFERENTIAL AMPLIFIER 



FIGURE 10 - COMPARATOR WITH HYSTERESIS 


-VW 

R2 


^ref 


V|n 



H ysteresis 



(VoL - Vref> + V^ef 
(VOH - Vref) + V^ef 

t^oH - VoL> 


FIGURE 11 - BI-QUAD FILTER 



^ref ' 


R = 160 kn 
C = 0 001 HF 
R1 = 1 6 Mn 
R2 = 1.6 MO 
R3 = 1.6 Mn 
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IVIC3458, IVIC3558, MC3358 


^ref 


APPLICATIONS INFORMATION (continued) 

FIGURE 12 - FUNCTION GENERATOR 


Triangle Wave R2 



Rf 


f =_5J_L?^ 

4 CRf R1 


if 


R3 = 


R2 R1 
R2T r'i 


FIGURE 13- MULTIPLE FEEDBACK BANDPASS FILTER 



Choose Value fo. C 
Then 


R3 = 


R1 = 

R2 = 


Q 

^^oC 

R3 

2 A{fo) 

R1 R3 

4Q2 R1 - R3 


For less than 10% error from operational amplifier 

—^° <C0 1 Where and BW are expressed in H: 
nw o ^ 


If source impedance varies, filter may be proceeded with 
voltage follower buffer to stabilize filter parameters 


Square Wave 
Output 


3 
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LOW-COST PROGRAMMABLE 
OPERATIONAL AMPLIFIER 

The MC3476 is a low-cost selection of the popular, industry- 
standard MCI 776 programmable operational amplifier. This 
extremely versatile operational amplifier features low power 
consumption and high input impedance. In addition, the quiescent 
currents within the device may be programmed by the choice of 
an external resistor value or current source applied to the Ijet input. 
This allows the amplifier's characteristics to be optimized for input 
current and power consumption despite wide variations in operating 
power supply voltages. 

• ±6.0 V to ± 18 V Operation 

• Wide Programming Range 

• Offset Null Capability 

• No Frequency Compensation Required 

• Low Input Bias Currents 

• Short-Circuit Protection 


RESISTIVE PROGRAMMING (See Figure 1.) 


R„t to negative supply 

7 OVcc 




Typical Rjet Values 


Iset ~ tt) tiA Iset ~ t5 uA 


560 kn 
820 kn 
1.0 Mfl 
1.5 Mn 


Typical R,et Yalues 


YCC. YeE 'set'tOMA lset=15>7A 



ACTIVE PROGRAMMING 


FET CURRENT SOURCE 

2 

7oVcc 

° 


3 

40Vee 


ZH-ovg 


vee* 



LOW-COST 
PROGRAMMABLE 
OPERATIONAL AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



G SUFFIX 
METAL PACKAGE 
CASE 601 


Offset NullfT; 
Inverting Input (2^ 
Non-Inverting Input!® 


® Ycc 
■—W Output 
©Offset Null 



Yee 

(Top View) 


PI SUFFIX 

PLASTIC PACKAGE 
CASE 626 



U SUFFIX 

CERAMIC PACKAGE 
CASE 693 


Offset Null [T 

Inverting Input [T-^ 

Non-Inverting Input ^ 

Yee [T 



Temperature Range 


ORDERING INFORMATION 


Device 


MC3476G 


MC3476P1 


MC3476U 


H 'set 

H Ycc 

■ ^ Output 
in Offset Null 


Package 





Pins not shown are not connected. 
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MC3476 


MAXIMUM RATINGS (T/\ = +25°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltages 

Vcc-V ee 

±18 

Vdc 

Input Differential Voltage Range 

V|DR 

±30 

Vdc 

Input Common-Mode Voltage Range 

V|CR 

vcc-V ee 

Vdc 

Offset Null to VgE Voltage 

Voff-VEE 

±0.5 

Vdc 

Programming Current 

•set 

200 

pA 

Programming Voltage 

(Voltage from Ijgt terminal to ground) 

Vset 

{Vcc-0.6 V) 
to 

vcc 

Vdc 

Output Short-Circuit Duration* 

ts 

Indefinite 

s 

Operating Ambient Temperature Range 

Ta 

0 to 70 

°c 

Storage Temperautre Range 

Metal and Ceramic Packages 

Plastic Package 

Tstg 

-65 to +150 
-55 to +125 


Junction Temperature 

Metal and Ceramic Packages 

Plastic Package 

Tj 

■■ 

mm 


‘Short-Circuit to ground with l^et < 15 mA. Rating applies up to ambient temperature of -i-70°C. 


EQUIVALENT SCHEMATIC DIAGRAM 
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MC3476 


ELECTRICAL CHARACTERISTICS « +15 V, - -15 V, Ij^t “15 mA, T/\ ■ +25°C unless otherwise noted.) 


Typ 


Characteristic 


Input Offset Voltage (Rs < 10 kn) 
Ta “+25°C 
0°C < Ta < 70°C 


Offset Voltage Adjustment Range 


Input Offset Current 
Ta = +25°C 
Ta “ 70°C 
Ta - 0°C 


Input Bias Current 
Ta“+25°C 
Ta-70°C 
Ta = 0°C 


Input Resistance 


Input Capacitance 


Input Common-Mode Voltage Range 
0°C < Ta < 70°C 


Large Signal Voltage Gain 

Rl > 10 kn, Vq •= ± 10 V, Ta = +25°c 
Rl > 10 kn, Vq - ±10 V,0 °C < Ta < 70°c 


Output Voltage Range 

Rl> 10kn,TA = +25OC 
Rl> 10kn,0°C«:TA<70°C 


Output Resistance 


Output Short-Circuit Current 


Common-Mode Rejection Ratio 
Rs < 10 kn, 0°C < Ta < 70°c 


Supply Voltage Rejection Ratio 
Rs < 10 kn, 0 °C < Ta < 70°c 


Supply Current 
Ta = +25°C 
0°C < Ta < 70°C 


Power Dissipation 
Ta = +25°C 
0°C < Ta < 70°C 


Transient Response (Unity Gain) 

V|n = 20 mV, Rl > 10 kn. Cl = 100 pF 
Rise Time 
Overshoot 


Slew Rate (Rl > 10 kn) 
















































































SR, SLEW RATE (V/ms) Avol. OPEN LOOP GAIN (V/V) Rse,. SET RESISTOR (OHMS) 


IVIC3476 


TYPICAL CHARACTERISTICS 

(Ta = +25°C unless otherwise noted.) 


FIGURE 2 - POSITIVE STANDBY SUPPLY 

FIGURE 1 - SET CURRENT versus SET RESISTOR CURRENT versus SET CURRENT 




FIGURE 3 - OPEN-LOOP GAIN versus SET CURRENT 


FIGURE 4 - INPUT BIAS CURRENT versus SET CURRENT 




FIGURE 5 - SLEW RATE 
versus SET CURRENT 


FIGURE 6 - GAIN-BANDWIDTH PRODUCT (GBW) 
versus SET CURRENT 
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MC3476 


TYPICAL CHARACTERISTICS (continued) 
(T/^ = +25°C unless otherwise noted.) 


FIGURE 7 - OUTPUT VOLTAGE SIrt/ING 
versus LOAD RESISTANCE 


FIGURE 8 - OUTPUT SWING 
versus SUPPLY VOLTAGE 



lOk 10k lOOk lOM 

RL, load resistance (OHMS) 

















DUAL WIDEBAND OPERATIONAL AMPLIFIER 

The MC4558, MC4558AC, and MC4558C combine ail the out¬ 
standing features of the MCI458 and, in addition, possess three 
times the unity gain bandwidth of the industry standard. 

• 2.5 MHz Unity Gain Bandwidth Guaranteed on MC4558 and 

MC4558AC 

• 2 MHz Unity Gain Bandwidth Guaranteed on MC4558C 

• Internally Compensated 

• Short-Circuit Protection 

• Gain and Phase Match between Amplifiers 

• Low Power Consumption 

• Low Noise Selections Offered — N Suffix 


MAXIMUM RATINGS = +25°C unless otherwise noted) 


MC4558, 

MC4558AC,MC4558C, 
MC4558N, MC4558NC 


DUAL WIDE BANDWIDTH 
OPERATIONAL AMPLIFIER 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



Rating 

Symbol 

Power Supply Voltage 

< < 
m 0 
m 0 

Input Differential Voltage 

V|0 

Input Common Mode Voltage (Note 1) 

V|CM 

Output Short-Circuit Duration (Note 2) 

'S 

Operating Ambient Temperature Range 

Ta 

Storage Temperature Range 

Metal and Ceramic Packages 

Plastic Package 

"•^stg 

Junction Temperature 

Metal and Ceramic Packages 

Plastic Package 

Tj 


MC4558 

MC4558AC 


+ 22 
-22 


MC4558C 


+ 18 
-18 


30 


±15 


Continuous 


See Ordering 
Information Below 


-65 to +150 
-55 to+125 


Note 1. For supply voltages less than ± 15 V, the absolute maximum input voltage is equal 
to the supply voltage. 

Note 2. Short circuit may be to ground or either supply. 



GSUFFIX 
METAL PACKAGE 
CASE 601 


VCC 

Output 




Vee 

IT op View) 




PI Suffix 

PLASTIC PACKAGE 
CASE 626 



U SUFFIX 

CERAMIC PACKAGE 
CASE 693 


Output A [T 
Inputs ^(2 





Dvcc 

3 Output B 


MC4558NU, U 


MC4558CG, NCG 


MC4558ACP1, 
CPI, NCPi 


MC4558CU, NCU 


ORDERING INFORMATION 


Temperature 

Range Package 


-55to+125°C I Metal Can 


-55to + 125“C Ceramic DIP 


Oto+70°C I Metal Can 


0to+7O°C Plastic DIP 


'^^-1 RR 

































































MC4558 series 


FREQUENCY CHARACTERISTICS (Vcc ° 15 V, Vee = -15 V. Ta = 25°C) 


Characteristic 

Symbol 

MC4558, MC4558AC 

MC4558C 

Unit 


Typ 

mtmm 


Typ 


Unity Gain Bandwidth 

BW 

2.5 

2.8 

- 

jj^njl 

2.8 

- 

MHz 


ELECTRICAL CHARACTERISTICS (Vcc = 15 V, VgE = -15 V,Ta = 25°C unless otherwise noted.) 


Input Offset Voltage 

(Rs < 10 kn) _ 

Input Offset Current 
Input Bias Currentt 
Input Resistance 
Input Capacitance 

Common Mode Input Voltage Range 
Large Signal Voltage Gain 
(Vo = ±10 V, Rl= 2.0 kn) 

Output Resistance 
Common Mode Rejection Ratio 

(Rs < 10 kn) _ 

Supply Voltage Rejection Ratio 

(Rs < 10 kn) 

Output Voltage Swing 

(Rl > 10 kn) 

(RL>2kn) _ 

Output Short-Circuit Current 

Supply Currents (Both Amplifiers) _ 

I Power Consumption (Both Amplifiers) 
Transient Response (Unity Gam) 

(V| = 20mV, Ru > 2kn, Cj, < 100 pF) 
(V| - 20mV, Rj. > 2 kn, Cl < 100 pF) 

(Vi = 10 V, Rl > 2 kn. Cl < lOo pF) 




12 t14 

10 ±13 


I 


12 

10 



Rise Time 
Overshoot 
Slew Rate 




ELECTRICAL CHARACTERISTICS (Vcc = 15 V. Vee =-15 V. T^ = ‘Th.gh to Tjow unless otherwise noted). 


Input Offset Voltage 

Vjo 

- 

1 0 

(Rs < 10 kn) 




Input Offset Current 

'lO 



(Ta - ThighI 


7.0 

(Ta “ Tjowl 



85 

(Ta = 0°C to +70°C) 



- 

Input Bias Current 

•iB 



(Ta - Thigh) 


30 

(Ta - Tjow) 



300 

(Ta = 0°C to +70°C) 



- 

Common Mode Input Voltage Range 

VlCR 

i12 

±13 

Common Mode Rejection Ratio 

CMRR 

70 

90 

(Rs < 10 kn) 




Supply Voltage Rejection Ratio 

PSRR 

- 

30 

(Rs < 10 kn) 




Output Voltage Swing 

Vo 

■■ 

■■ 

(Rl > 10 kn) 




(Rl > 2 kn) 


■9 

Btl 

Large Signal Voltage Gam 



■■■■ 

(Vq = ±10 V, Rl= 2 kn) 

■ 

25 

■ 

Supply Currents (Both Amplifiers) 

'd 


■|H| 

(Ta - Thigh) 




(Ta - Tjow) 




Power Consumption (Both Amplifiers) 

Pc 



(Ta “ Thigh) 



(Ta “ T|Q„y) 


HI 




•Thigh = 125°C for MC4558 and 70°C for MC4558C and MC4558AC. 
Tjow = -55°C for MC4558 and 0°C for MC4558C and MC4558AC. 


11 (3 IS out of the ampiifier due to PNP input transistors. 
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MC4558 series 


NOISE CHARACTERISTICS (Applies for MC4558N and MC455aNC only, Vcc = 15 V, Vee “ -15 V, “ 25°C) 


Characteristic 

Symbol 

1 MC4558N I 

MC4558NC 

Unit 

1 Min 1 

Typ 

Max 

1 Min 1 

Typ 

Max 

Burst Noise (Popcorn Noise) 

(BW = 1.0 Hz to 1.0 kHz, t = 10 s, 

Rs = 100 kn) (Input Referenced) 

En 

■ 

■ 

20 

■ 

■ 

20 

pVpeak 


FIGURE 1 - BURST NOISE versus SOURCE RESISTANCE 


FIGURE 2 - RMS NOISE versus SOURCE RESISTANCE 




FIGURE 3 - OUTPUT NOISE versus SOURCE RESISTANCE 


FIGURE 4 - SPECTRAL NOISE DENSITY 




FIGURE 5 - BURST NOISE TEST CIRCUIT (N Suffixed Devices Only) 



To Pass/Fall 
Indicator 


For applications where low noise performance is essential, selected 
devices denoted by an N suffix are offered. These units have been 
100% tested for burst noise pulses on a special noise test system 
Unlike conventional peak reading or RMS meters, this system was 
especially designed to provide the quick response time essential to 
burst (popcorn) noise testing. 


Voltage 

The test time employed is 10 seconds and the 20 pV peak 
limit refers to the operational amplifier input thus eliminating 
errors in the closed-loop gain factor of the operational amplifier 
under test 
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Vq. output voltage (Vp_p) '^0. OUTPUT VOLTAGE (Vp^at) 


IVIC4558 series 


FIGURE 6 - OPEN LOOP FREQUENCY RESPONSE 



10 10 100 10k 10 k lOOk 1QM 10 M 

f, FREQUENCY (Hz) 


FIGURE 7 - PHASE MARGIN versus FREQUENCY 



10 10 100 10k 10k 100k 10M lOM 

f, FREQUENCY (Hz) 


FIGURE 8 - POSITIVE OUTPUT VOLTAGE SWING 



100 500 1 0 k 20 k 10 k 20 k 50 k 100 k 

Rl, LOAQ resistance (OHMS) 


FIGURE 9 - NEGATIVE OUTPUT VOLTAGE SWING 
versus LOAD RESISTANCE 



FIGURE 10 - POWER BANDWIDTH 



10 100 10k 10k 100k 10M 

1 FREQUENCY (Hz) 


FIGURE 11 - TRANSIENT RESPONSE TEST CIRCUIT 
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Specifications and Applications 
Information 


QUAD IVIC1741 OPERATIONAL AMPLIFIERS 


The MC4741 series is a true quad MC1741 Integrated on a single 
monolithic chip are four independent, low-power operational 
amplifiers which have been designed to provide operating char¬ 
acteristics identical to those of the industry standard MCI741, and 
can be applied with no change in circuit performance. 

The MC4741 can be used in applications where amplifier matching 
or high packing density is important. Other applications include 
high impedance buffer amplifiers and active filter amplifiers. 


• Each Amplifier is Functionally Equivalent to the MC1741 

• Class AB Output Stage Eliminates Crossover Distortion 

• True Differential Inputs 

• Internally Frequency Compensated 

• Short Circuit Protection 

• Low Power Supply Current (0.6 mA/Amplifier) 


QUAD MC1741 
DIFFERENTIAL INPUT 
OPERATIONAL AMPLIFIERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



L SUFFIX 

CERAMIC PACKAGE 
CASE 632 
TO-116 




P SUFFIX 

PLASTIC PACKAGE 
CASE 646 




















MC4741, MC4741C 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 


Rating 

Symbol 

MC4741 

MC4741C 

Unit 

Power Supply Voltage 

Vcc 

+22 

+ 18 

Vdc 


Vee 

-22 

-18 

Vdc 

Input Differential Voltage 

V|D 

±44 

±36 

Volts 

Input Common Mode Voltage 

V|CM 

±22 

±18 

Volts 

Output Short Circuit Duration 

‘S 

Continuous 


Operating Ambient Temperature Range 

Ta 

-55 to +125 

0 to +70 

°C 

Storage Temperature Range 

Tstg 



°C 

Ceramic Package 

~65 to +150 


Plastic Package 


-55 to +125 


Junction Temperature 

Tj 



°C 

Ceramic Package 


175 


Plastic Package 


150 



TYPICAL APPLICATION 


HIGH IMPEDANCE INSTRUMENTATION BUFFER/FILTER 
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MC4741,MC4741C 



ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Vee =-15 V, T^ = 25°C unless otherwise noted). 


Input Offset Voltage 
(Rq<10 k) 


Input Offset Current 


Input Bias Current 


Input Resistance 


Input Capacitance 


Offset Voltage Adjustment Range 


Common Mode Input Voltage Range 


Large Signal Voltage Gain 
(Vq = ±10 V, Rl >2.0 k) 


Output Resistance 


Common Mode Rejection Ratio 
(RS<10 k) 


Supply Voltage Rejection Ratio 
(RS<10 k) 


Output Voltage Swing 
(Rl> 10 k) 
(R|.>2k) 


Output Short-Circuit Current 


Supply Current - (All Amplifiers) 


Power Consumption (All Amplifiers) 


Transient Response (Unity Gam - Non-Inverting) 

(V| = 20 m V, Rl > 2 k, Cj. < 100 pF) Rise Time 

(V| = 20 mV, Rj. > 2 k. Cl < 100 pF) Overshoot 

(V| = 10V, Rl > 2 k. Cl < 100 pF) Slew Rate 


ELECTRICAL CHARACTERISTICS (Vcc= +15 V, 


Input Offset Voltage 
(Rq < 10 kil) 


Input Offset Current 
(Ta = 125°C) 

(Ta = -55°C) 

(Ta = 0°C to -i-70°C) 


Input Bias Current 
(Ta= 125°C) 

(Ta = -55°C) 

(Ta = 0°C to -t70°C) 


Common Mode Input Voltage Range 


Common Mode Rejection Ratio 
(Rc<10 k) 


Supply Voltage Rejection Ratio 
(Rs<10k) 


Output Voltage Swing 
(RL>10k) 

(Rl> 2 k) 


Large Signal Voltage Gam 
(RL>2k, Vout = ±10V) 


Supply Currents - (All Amplifiers) 
(Ta = 125°C) 

(Ta = -55°C) 


Power Consumption (Ta = +12S°C) 
(All Amplifiers) (Ta = -55°C) 


‘Thigh • 125°C for MC4741 and 70°C for MC4741C 
T(ow = -55°C for MC4741 and 0°C for MC4741C 


Vee “ -15 V, Ta = ‘Thiqj, to Tjovv unless otherwise noted.) 


MC4741C 
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Vo, OUTPUT VOLTAGE (V 


MC4741, MC4741C 


TYPICAL CHARACTERISTICS 

(Vcc - +15 Vdc, VgE = -15 Vdc, T/^ = +25°C unless otherwise noted). 


FIGURE 1 - POWER BANDWIDTH 

(LARGE SIGNAL SWING versus FREOUENCY) FIGURE 2 - OPEN LOOP FREQUENCY RESPONSE 



(.FREQUENCY (Hz) (, FREQUENCY (Hz) 



'2 






























MC4741, MC4741C 




FIGURE 8 - OPEN LOOP VOLTAGE GAIN 
versus SUPPLY VOLTAGE 


10(is/01V 



40 6 0 80 10 12 14 16 1 

vcc. iveei. supply voltages IVOLTS) 















MC4741, MC4741C 


FIGURE 10 - ABSOLUTE VALUE DVM FRONT END 


0.5 mF 
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Advance Information 


TRIMFET FAMILY OF JFET 
INPUT OPERATIONAL AMPLIFIERS 

These low cost TRIMFET operational amplifiers combine two 
state-of-the-art linear technologies on a single monolithic integrated 
circuit. Each internally compensated operational amplifier has well 
matched high voltage JFET input devices with a laser trimmed input 
offset voltage. The BIFET technology provides wide bandwidths and 
fast slew rates with low input bias currents, input offset currents, 
and supply currents. The laser trimming technology provides input 
offset voltage specification options which range from 2.0 to 10 milli¬ 
volts maximum. 

The Motorola TRIMFET family offers single, dual and quad 
operational amplifiers which are pin-compatible with the industry 
standard MC1741, MC1458, and the MC3403/LM324 bipolar 
devices. The MC35001/35002/35004 series are specified over the 
military operating temperature range of -55°C to +125°C and the 
MC34001/34002/34004 series are specified from 0°C to +70°C. 

• Laser Trimmed Input Offset Voltage Options of 

2.0, 5.0, and 10 mV Maximum 

• Low Input Bias Current — 40 pA 

• Low Input Offset Current — 10 pA 

• Low Input Noise Voltage — 16 nV/VRz* 

• Wide Gam Bandwidth — 4 MHz 

• High Slew Rate — 13 V/ps 

• Low Supply Current — 1.8 mA per Amplifier 

• High Input Impedance — 10^2 

• High Common-Mode and Supply Voltage Rejection 

Ratios — 100 dB 

• Industry Standard Pinouts 


ORDERING INFORMATION 


Op Amp 

Function 

Device 

Temperature 

Range 

Package 

Single 

MC34001AG,BG,G 

0 to +70°C 

Metal Can 

MC34001AP,BP,P 

0 to -^70°C 

Plastic DIP 

MC34001AU,BU,U 

0 to +70°C 

Ceramic DIP 

MC35001AG,BG 

-55 to+125°C 

Metal Can 

MC35001AU,BU 

-55to+125°C 

Ceramic Dip 

Dual 

MC34002AG,BG,G 

Oto ■f7 0°C 

Metal Can 

MC34002AP,BP,P 

0 to +70°C 

Plastic DIP 

MC34002AU,BU,U 

0 to ■r70°C 

Ceramic DIP 

MC35002AG,BG 

-55 to+125°C 

Metal Can 

MC35002AU,BU 

-55 to-H25°C 

Ceramic DIP 

Quad 

MC34004AL,BL,L 

0 to +70°C 

Ceramic DIP 

MC34004AP,BP,P 

0 to +70°C 

Plastic DIP 

MC35004,AL,BL 

-55 to+125°C 

Ceramic DIP 


TRIMFET is a trademark of Motorola 


MC34001,MC35001 

MC34002,MC35002 

MC34004,MC35004 



































































IVIC34001 series 


MAXIMUM RATINGS 




MC3S001 

MC34001 




MC35002 

MC34O02 


Rating 

Symbol 

MC35004 

MC34004 

Unit 

Supply Voltage 

Vcc 

■f22 

-H8 

V 


Vee 

-22 

-18 


Differential Input Voltage 

V|D 

+40 

+30 

V 

Input Voltage Range 

V|DR 

i20 

±16 

V 

Output Short-Circuit Duration 

is 

Continuous 


Operating Ambient Temperature 

Ta 

-55 to-H 25 

0 to +70 

OC 

Range 





Operating Junction Temperature 

Tj 



OC 

Metal and Ceramic Packages 


150 

115 


Plastic Packages 


- 

115 


Storage Temperature Range 

Tstg 



OC 

Metal and Ceramic Packages 

—65 to +150 

-65 to ■•■150 


Plastic Packages 


- 

-55 to+125 



ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Vee = -15 V, Ta = 250C unless otherwise noted). 


Characteristic 


Input Offset Voltage (Rs ^ lOk) 

MC3500XA, MC3400XA 
MC3500XB, MC3400XB 
MC3400X 


Average Temperature Coefficient of Input Offset Voltage 
Rs<10k, Ta = T|ovv to Thigh (Note 1) 


Input Offset Current (Vcm = 0) (Note 2) 

MC3500XA, MC3400XA 
MC3500XB, MC3400XB 
MC3400X 


Input Bias Current (Vcm = 0) (Note 2) 

MC3500XA, MC3400XA 
MC3500XB, MC3400XB 
MC3400X 


Input Resistance 


Common Mode Input Voltage Range 


Large Signal Voltage Gam (Vg = ilOV, 
MC3500XA, 
MC3500XB, 


Output Voltage Swing 
(RL>10k) 
(RL>2k) 


Common Mode Rejection Ratio (Rs 

MC3500XA, 


Supply Voltage Rejection Ratio (Rs 

MC3500XA, 


, Rl = 2.0 k) 
MC3400XA 
MC3400XB 


10 k) 

MC3400XA 


10 k) (Note 3) 


Supply Current (Each Amplifier) 

MC3500XA, I 


Gain-Bandwidth Product 


Equivalent Input Noise Voltage 
(Rs= lOOn, f= 1000 Hz) 


Equivalent Input Noise Current (f = 1000 Hz) 
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IVIC34001 series 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Vee = -15 V, Ta = Tiow to Thigh [Note 1]) 




MC3&001/3S002/35004 

MC34001/34002/34004 


Characteristic 

Symbol 




MSBM 

K99 

HSE9H 

Unit 

Input Offset Voltage (Rs^lOk) 

V|0 







mV 

MC3500XA, MC3400XA 


- 

3.0 

4.0 

- 

3.0 

4.0 


MC3500XB, MC3400XB 


- 

4.0 

7.0 

- 

4.0 

7.0 


, MC3400X 


- 

_ 

- 

- 

8.0 

13 


Input Offset Current (Vcm = 0) (Note 2) 

iio 

■■j 

■jm 

■■ 

■■■ 



nA 

MC3500XA, MC3400XA 









MC3500XB, MC3400XB 




mm 





MC3400X 




■■ 





Input Bias Current (Vcn/| = 0) (Note 2) 

<IB 


■m 





nA 

MC3500XA, MC3400XA 




50 

- 

- 

4.0 


MC3500XB, MC3500XB 




50 

- 

- 

8.0 


MC3400X 




- 

- 

_ 

8.0 


Common Mode Input Voltage Range 

V|CR 


+15 


±11 

+ 15 


V 



-12 



-12 



Large Signal Voltage Gain (Vq = ±10 V, Rl = 2.0 k) 

avol 


■[■1 





V/mV 

MC3500XA, MC3400XA 


25 



25 




MC3500XB, MC3400XB 


25 



25 




MC3400X 


_ 



15 




Output Voltage Swing i 

Vo 





■1 

■■■ 

V 

(RL^^lOk) 


±12 

±14 


±12 




(RL>2k) 


±10 

±13 


±10 

BEi 



Common Mode Rejection Ratio (Rs ^ 10 k) 

CMRR 



HHI 




dB 

MC3500XA, MC3400XA 


80 

100 


80 

100 

- 


MC3500XB, MC3400XB 


80 

100 


80 

100 

_ 


MC3400X 


_ 

_ 

HH 

70 

100 

- 


Supply Voltage Rejection Ratio (Rs ^10 k) (Note 3) 

PSRR 



■■■ 

■i 


■■■ 

dB 

MC3500XA, MC3400XA 


80 

100 


mm 

100 



MC3500XB, MC3400XB 


80 

100 



100 



MC3400X 


- 

- 


70 

100 



Supply Current (Each Amplifier) 

•o 

imi 

■■ 



■1 


mA 

MC3500XA, MC3400XA 




2.8 



2.8 


MC3500XB, MC3400XB 




2.8 



2.8 


MC3400X 



■■ 

- 

IBH 


3.0 



NOTES 


(1> T|ow =-55°C for MC35001A/35001B 
MC35002A/35002B 
MC35004A/35004B 
= 0°C for MC34001/34001A/34001B 
MC34002/34002A/34002B 
MC34004/34004A/34004B 
Thigh = +125°C for MC35001 A/35001 B 
MC35002A/35002B 
MC35004A/35004B 
= +70°C for MC34001/34001A/34001B 
MC34002/34002A/34002B 
MC34004/34004A/34004B 


(2) The input bias currents approximately double for every 10°C rise 
in (unction temperature, Tj. Due to limited test time, the input 
bias currents are correlated to junction temperature. Use of a heat 
sink is recommended if input bias current is to be kept to a 
minimum. 

(3) Supply voltage rejection ratio is measured for both supply 
magnitudes increasing or decreasing simultaneously, in accordance 
with common practice. 

(4) Unless otherwise specified, the absolute maximum negative input 
voltage is equal to the negative power supply. 


.^-1 77 























































IVIC34001 series 




Settling time to within 1/2 LSB (±19.5 mV) is approxi¬ 
mately 4 0 from the time all bits are switched 

“The value of C may be selected to minimize overshoot 
and ringing (C 68 pF). 


Theoretical Vq 

Vo~’(Rol 


A2 

4 


8 16 


^ ^ A8 

32 64 128 256 


Adjust Vf0f, R1 or Rq so that Vq with all digital in¬ 
puts at high level is equal to 9.961 volts. 

Vref = 2.0 Vdc 
R1 = B2 1.0 kfl 
RO= 5.0 kn 
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MC34022 

MC35022 


Advance Information 


TRIMFET PRECISION DUAL 
JFET INPUT OPERATIONAL AMPLIFIERS 

The MC34022/35022 series of TRIMFET dual operational ampli¬ 
fiers combine two state-of-the-art linear technologies on a single 
monolithic chip to provide precision input characteristics at a low 
cost. These internally compensated operational amplifiers have well 
matched high voltage JFET input devices with laser trimmed input 
offset voltages. BIFET technology provides a wide bandwidth and a 
fast slew rate while maintaining low input bias currents, input offset 
currents, and supply currents. Laser trimming technology provides 
input offset voltage specification options which range from 0.5 to 
2.0 millivolts maximum with a typical temperature coefficient of 
5.0 AiV/oC. 

These Motorola TRIMFET dual operational amplifiers are pin- 
compatible with the industry standard MC1458/1558 bipolar devices. 
The MC35022A/35022B series are specified over the military oper¬ 
ating temperature range of -55°C to -t125°C, and the MC34022/ 
34022A/34022B series are specified from 0°C to -i-70°C. 

• Laser Trimmed Input Offset Voltage Options of 

0.5, 1.0, and 2.0 mV Maximum 

• Temperature Coefficient of Input Offset Voltage - 5.0 /iV/°C 

• Low Input Bias Current — 30 pA 

• Low Input Offset Current — 10 pA 

• Low Input Noise Voltage — 16 nV/x/RT 

• Wide Gam Bandwidth — 4 MHz 

• High Slew Rate — 13 V/ps 

® Low Supply Current — 1 8 mA per Amplifier 

• High Input Impedance — 10^2 

• High Common-Mode and Supply Voltage Rejection 

Ratios — 100 dB 

• Industry Standard Pinouts 


APPLICATIONS 

The MC34022/35022 series of TRIMFET dual operational 
amplifiers is suggested for all general-purpose BIFET amplifier 
requirements where precision input characteristics are needed in addi¬ 
tion to the features normally furnished by other BIFET amplifiers. 

• Fast D/A and A/D Converters 

• Sample and Hold Circuits 

• Precision High-Speed Integrators 

• High Impedance Buffers 

• Wideband, High Slew, Low Current Amplifiers 


This is advance information and specifications are subject to change without notice. 


TRIMFET 
PRECISION 
DUAL BIFET 

OPERATIONAL AMPLIFIERS 

LASER TRIMMED 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


G SUFFIX 
METAL PACKAGE 
CASE 601 


Inverting ^ 
Input A S 
Non-Inverting 
Input A 



Vee 

(Top View) 


K Inverting 
T Input B 


Non-Inverting 
Input B 



P SUFFIX 

PLASTIC PACKAGE 
CASE 626 
(MC34022 only) 


U SUFFIX 

CERAMIC PACKAGE 
CASE 693 


, 1 # 


Non-Inverting 

Input A L. 



I inverting 
input B 

I Non-Inverting 
Input B 


ORDERING INFORMATION 


Temperature 

Range 


MC34022AG, BG, G 


MC34022AP, BP, P 


MC34022AU, BU, U 


MC35022AG, BG 


MC35022AU, BU 


IBilifWgBHiSWAMEi 


-55 to ■l-125°ClCeramic DIP 


3-179 






























MC34022, MC35022 



ELECTRICAL CHARACTERISTICS (Vqc = +15V, Vee = -15V,T/^ = 25°C, unless otherwise nojed). 




MC35022 

IVIC34022 


Characteristic 

Symbol 

MM 

Typ 

■Mia 


Typ 


Unit 

Input Offset Voltage (Rs^ 10 kl 

VlO 

■■■ 






mV 

MC35022A, MC34022A 



0.3 

0.5 


0.3 

0.5 


MC35022B,MC34022B 



0 5 

1 0 


0.5 

1.0 


MC34022 



- 

- 


1.0 

2.0 


Average Temperature Coefficient of Input Offset Voltage 

AV(£)MT 

- 

5.0 

- 

- 

5.0 

- 

pV/°C 

RS < 10 k, Ta = T|o^^ to Thigh (Note 1 ) 









Input Offset Current (Vqm = 0) (Note 2) 

'lO 




■■H 



pA 

IVIC35022A, MC34022A 



10 

25 


15 

30 


MC35022B, MC34022B 



10 

50 


15 

70 


MC34022 



- 

- 


15 

70 


Input Bias Current (Vc^/i = 01 (Note 2) 

■iB 

■m 



■■■ 



pA 

MC35022A, MC34022A 



30 

60 


40 

75 


MC35022B, MC34022B 



30 

75 


40 

150 


MC34022 



“ 

- 


40 

150 


Input Resistance 



1012 



10l2 


U 

Common Mode Input Voltage Range 

V|CR 

±11 

+ 15 
-12 

- 

±11 

+ 15 
-12 

- 

V 

Large Signal Voltage Gam (Vq = i 10 V, Rl = 2 0 k) 

avol 



■■■ 



III^H 

V/mV 

MC35022A, MC34022A 


50 

150 


50 

100 



MC35022B, MC34022B 


50 

150 


50 

100 



MC34022 


- 

- 


25 

100 



Output Voltage Swing 

vo 



■■■ 




V 

(Rl> 10 k) 


±12 

±14 


±12 

+14 



(Rl> 2 k) 


±10 

±13 


±10 

±13 



Common Mode Rejection Ratio (Rg <10 k) 

CMRR 







dB 

MC35022A, MC34022A 


80 

100 


80 

100 



MC35022B, MC34022B 


80 

100 


80 

100 



MC34022 


- 

- 


70 

100 



Supply Voltage Rejection Ratio (Rg < 10 k) (Note 31 

PSRR 






■im 

dB 

MC35022A, MC34022A 


80 

100 


80 

100 



MC35022B, MC34022B 


80 

100 


80 

100 



MC34022 


- 

- 


70 

100 



Supply Current (Each Amplifier) 

'd 




___ 



mA 

MC35022A, MC34022A 



1.8 

2.5 


1.8 

2.5 


MC35022B, MC34022B 



1 8 

2.5 


1.8 

2.5 


MC34022 



- 

- 


1.8 

2.7 



SR 

- 

13 

- 

- 

13 

- 


Gain-Bandwidth Product 

BWp 

- 

4.0 

- 

- 

4.0 

- 


Equivalent Input Noise Voltage 


- 

16 

- 

- 

16 

- 

nV/\/Hz 

(Rg= 100 n, f= 1000 Hz) 









Equivalent Input Noise Current (f = 1CX30 Hz) 

*n 

- 

0.01 

- 

- 

0.01 

- 

fmm 


See notes on following page. 
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MC34022, MC35022 


ELECTRICAL CHARACTERISTICS (Vcc " Vee =-15 V.Ta = Tiq,^ to Thigh [Note 1|) 


Characteristic 

Symbol 

MC35022 

MC34022 

Unit 





■ns 

Max 

Input Offset Voltage (Rs ^ 10 k) 

V|o 





■I 


mV 

MC35022A, MC34022A 



0.7 

1.5 



1.5 


MC35022B, MC34022B 



1.0 

2.0 


1.0 

2.0 


MC34022 



- 

- 


2.0 

3.0 


Input Offset Current (Vqm “ 0) (Note 2) 

•lO 





^■B 



MC35022A, MC34022A 




20 



2.0 

nA 

IVIC35022B, MC34022B 




40 



4.0 


MC34022 




- 



4.0 


Input Bias Current (VcM = 0) (Note 2) 

'IB 

IH^B 






nA 

MC35022A, MC34022A 




50 

- 

- 

4.0 


MC35022B, MC34022B 




50 

- 

- 

8.0 


MC34022 




- 

- 

- 

8.0 


Common Mode Input Voltage Range 

V|CR 





+ 15 


V 




H3 

- 


-12 



Large Signal Voltage Gam (Vq = ± 10 V, Rl = 2 0 k) 

Avol 







V/mV 

MC35022A, MC34022A 


25 



25 




MC35022B, MC34022B 


25 



25 




MC34022 





15 




Output Voltage Swing 

Vo 




■■ 



V 

(Rl^IO k) 


+ 12 

+ 14 


HQ 

+ 14 



(Rl> 2 k) 


+ 10 

+ 13 

hbh 

mSrn 

±13 



Common Mode Rejection Ratio (Rs ^ 10 k) 

CMRR 







dB 

MC35022A, MC34022A 


80 

100 


80 

100 



MC35022B, MC34022B 


80 

100 


80 

100 



MC34022 


- 

- 


70 

100 



Supply Voltage Rejection Ratio (Rs ^ 10 k) (Note 31 

PSRR 



miH 




dB 

MC35022A, MC34022A 


80 

100 


80 

100 



MC35022B, MC34022B 


80 

100 


80 

100 



MC34022 


- 

“ 


70 

100 



Supply Current (Each Amplifier) 

•d 







mA 

MC35022A, MC34022A 



2 0 

2.8 


2 0 

2 8 


MC35022B,MC34022B 



2.0 

2.8 


20 

2.8 


MC34022 


IBH 

- 

- 


2.0 

3.0 



NOTES 

(1) =-55°C for MC35022A/35022B (2) 

= O^c for MC34022/34022A/34022B 
Thigh = +125«^C for MC35022A/35022B 

(3) 

= +70OC for MC34022/34022A/34022B 

(4) 


The input bias currents approximately double for every lO^C 
rise in junction temperature, Tj Due to limited test time, the 
input bias currents are correlated to junction temperature Use 
of a heat sink is recommended if input bias current is to be kept 
to a minimum 

Supply voltage rejection ratio is measured for both supply mag¬ 
nitudes increasing or decreasing simultaneously, in accordance 
with common practice. 

Unless otherwise specified, the absolute maximum negative input 
voltage is equal to the negative power supply. 































































IV1C34022, MC35022 


REPRESENTATIVE CIRCUIT SCHEMATIC 
(One-Half of Circuit Shown) 





Bias Circuitry 
Common to Both 
Amplifiers 


TYPICAL APPLICATION: OUTPUT CURRENT TO 
VOLTAGE TRANSFORMATION FOR A D-TO-A CONVERTER 



Setting time to within 1/2 LSB (i 19.5mV) is approximately 
4 0 ps from the time that all bits are switched. 

• The value of C may be selected to minimire overshoot and 
ringing (C?5:68 pF), 

Theoretical Vq 

Vref [AI A2 A3 A4 A5 A6 A7 AS 1 

Vo = (Ro) — ■* — +-+ - + — + — + - + — 

R1 [ 2 4 8 16 32 64 128 256 | 

Adjust VfBf, R1 or Rq so that V/q with all digital inputs at 
high level is equal to 9 961 volts. 

= 2.0 Vdc 
R1 = R2 s 1 O kn 
Rq = 5 0 kn 

2 V [111111 1 1 I 

1 k [ 2 4 8 16 32 64 128 256 


255 

256 


= 9 961 


V 


= 10 V 











































































































































































































VOLTAGE REGULATORS 


Temperature Range 

0 to 70°C -55to125°C Other Page 

LM304 LM104 Ll\/I204 Adjustable Negative Regulator . 4-7 

LM305 LM105 Ll\/I205 Adjustable Positive Regulator. 4-9 

Ll\/1309 LM109 LM209 Positive Voltage Regulator. 4-11 

LM317 LM117 LM217 Three-Terminal Adjustable Positive Regulator_ 4-16 

LI\/I317L LM117L LI\/I217L Three-Terminal Adjustable Positive Regulator_ 4-24 

LM340 LM140 — Series of Positive Regulators . 4-32 

MCI 403, A MCI 503, A — Precision Low-Voltage Reference . 4-42 

MCI 404, A MCI 504, A — Precision Low-Voltage Reference . 4-46 

MCI463 MCI 563 — Adjustable Negative Regulator . 4-51 

MCI 466 MCI 566 — Precision Floating Regulator . 4-67 

MCI 468 MCI 568 — Dual ± 15-Volt Tracking Regulator . 4-77 

MCI469 MCI 569 — Adjustable Positive Regulator. 4-82 

MC1723C MC1723 — Adjustable Positive or Negative Regulator. 4-101 

MC3420 MC3520 — Switchmode Regulator Control Circuit . 4-107 

— MC7800, A* MC7800C, AC Series of Positive Regulators (1.5 A). 4-126 

— — MC78L00C, AC Series of Positive Regulators (100 mA) . 4-138 

— — MC78M00C Series of Positive Regulators (500 mA) . 4-145 

— — MC7900C Series of Negative Regulators (1.5 A) . 4-153 

— — MC79L00C, AC Series of Negative Regulators (100 mA) . 4-162 

*-55 to 150°C 
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Fixed Output Voltage Regulators 

• Low-cost monolithic circuits for positive and/or negative regulation at currents from 
100 mA to 1.5A 

• Ideal for on-card regulation of subsystems 

• Internal current limiting thermal shutdown and safe-area compensation 


FIXED-VOLTAGE, 3-TERMINAL REGULATORS FOR POSITIVE OR NEGATIVE POLARITY POWER SUPPLIES. 


Vout 

Volts 

Tol.t 

Volts 

*0 

mA 

Max 

Device Type 
Positive Output 

Device Type 
Negative Output 

Vm 

Min/Max 

R«9|ine 

mV 

R«9|oad 

mV 

AVq/AT 

mV/“C 

Typ 

Case 

2 

±0 1 

1500 

- 

MC7902C 

5.5/35 

40 

120 

1.0 

1, 221A 

3 

±0 15 

100 

- 



60 

72 

- 

29, 79 

±0 3 


80 


±0 5 


MC7aL05C 

MC79L05C 


200 

60 

- 

29, 79 


MC78L05AC 

MC79LQ5AC 

150 

500 

MC7aM05C 

- 



■ 



±0.4 

1500 

LM109 

- 

BmB 


LM209 

_ 

1.0 

±0.25 

LM309 

- 

50 

±0 35 

••MC7a05* 

- 

8 0/35 

06 

1 

±0 25 

MC7a05C 

MC7905C 

7/35 

100 

1 0 

1, 221A 

to 2 

••MC7a05A' 



10 


■ 

1 

• •MC7805AC 

- 

lOO 

1, 221A 

±0 25 

••LM140-5* 

- 


50 

50 

1 

••LM340-5 

- 

52 



- 

MC7905 20 

WSBESM 

105 

105 

1 0 

1, 221A 


±0 3 

■J.liM 

MC7aM06C 

_ 

8/35 

100 

120 

1 0 



WilcL-l 


• *1407906 • 

- 

9/35 

60 

100 


1 


±0 3 


MC7a06C 

MC7906C 

8/35 

120 



1, 221A 




• •MC7a06A* 

- 

8 6/35 

1 1 

BUB 


1 


■IIB 


••MC7806AC 

_ 



100 


1, 221 A 




••LM140-6* 

_ 

8/35 

60 

60 


1 

HHI 

■H 



- 






8 

±0 8 

100 

MC78L0aC 

_ 

9 7/30 

200 

80 


29, 79 




MC78L08AC 

- 


175 





±0 4 

500 

MC7aM08C 

- 

10/35 

100 

160 

1 0 

79, 221 A 



1500 

- •MC7808’ 

- 

11 5/35 

80 

100 


1 




MC7808C 

MC7908C 

10/35 

160 

160 


1. 221 A 


±0 3 


••MC7808A" 

- 

10 6/35 

13 

50 


1 




••MC7808AC 

- 



100 


1, 221A 


±0 4 


••LM140-8* 

- 

10 5/35 

80 

80 


1 




• • LM340-8 

- 






12 

±1 2 

100 

MC78L12C 


13.7/35 


100 

_ 

29, 79 




MC78L12AC 



HHiH 





■■ 

500 

MC78M12C 

- 

14/35 


240 

1 0 




1500 

• •IV1C7812* 

- 

15 5/35 


120 

1 5 

BnBB 




MC7812C 

M079t2C 

14 5/35 

240 

240 






• •MC7812A* 

- 

14 8/35 

18 

50 






• •MC7812AC 

- 



100 


1, 221A 





- 

14.5/35 

120 

120 

1 5 

1 




••LM340-12 

- 







• 1979 New Product Introductions 
•Tj = -55 to +150°C 

tOutput Voltage Tolerance for Worst Case 


(continued) 


















































Fixed Output Voltage Regulators (continued) 



Davies T ypa 
Positive Output 

Device Type 
Negative Output 

MC78L15C 

MC79L15C 





MC78M24C 


••MC7824* 


MC7a24C 


••MC7824A* 


MC79L24C 


MC79L24AC 



*1979 New Product Introductions 
•Tj = -55 to +150°C 

tOutput Voltage Tolerance for Worst Case 


Variable Output Voltage Regulators 

POSITIVE OUTPUT REGULATORS 



•Tj - -55 to +150°C 

*1979 New Product Introductions 
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Variable Output Voltage Regulators (continued) 


NEGATIVE OUTPUT REGULATORS 



Switching Regulators 

Used as the control circuit in PWM, push-pull, bridge and series type switchmode supplies. The 
devices include the reference, oscillator, pulse-width modulator, phase splitter and output sections. 
Frequency and duty cycle are independently adjustable. 



Vcc 

Volts 

kH2 



Ta 

°c 

Case 

Min 

Max 

Min 

Max 

40 

10 

30 

2.0 

100 


P 

0 to +70 

648 







L 


620 






MC3520 

L 

-55 to t125 

620 


Special Regulators 

FLOATING VOLTAGE AND CURRENT REGULATORS 

Designed for laboratory type power supplies. Voltage is limited only by the breakdown voltage 
of associated, external, series-pass transistors. 



* Dependent on characteristics of external series-pass elements. 


DUAL ±15 V TRACKING REGULATORS. 

Internally, the device is set for ±15 V, but an external adjustment can change both outputs 
simultaneously, from 8.0 V to 20 V. 












































































Special Regulators (continued) 

LOW TEMPERATURE DRIFT, LOW VOLTAGE REFERENCE 


Vout 

Volts 

Tvp 

•o 

mA 

Max 

^Vout/^T 

ppm/°C 

Max 

Device 

Type 

Suffix 

^®®line 

mV 

Max 

^®®load 

mV 

Max 

n 

Case 



40 

MC1403 



10 

0 to +70 

693 



25 

MC1403A 



(Note 3) 





55 

MC1503 




-55 to +125 




25 







iKl!B3!Ii!niH 


40 

MC1404U5 


6 0 


0 to +70 


■■■■ 


25 

MC1404AU5 


(Note 2) 






55 

MC1504U5 




-55 to +125 




25 







6 25 ± 60 mV 


40 

MC1404U6 




0 to +70 




25 

MC1404AU6 








55 

MC1504U6 




-55 to +125 




25 

MC1504AU6 








40 

MC1404U10 




0 to +70 


■■■■ 


25 

MC1404AU10 








55 

MC1504U10 




-55 to +125 




25 

MC1504AU10 







Notes 1. 4 5 'S V| < 15 V/15 V < V, < 40 V 

2 V,n = + Vto40V 

3 OmA < Iq < 10 mA 



Package 

Styles 



CASE 

1 

(TO-3) 

29 

(TO-92) 

79 

(TO-39) 

221A 
(TO-220) 

601 603 603C 

(TO-5 Type) 

614 

(TO-661 

MATERIAL 


Plastic 

Metal 



Metal 



SUFFIX 

SK. K, KC 

P.Z 

G, H 

■■ I_J 

G.H 

G, H 

G 

R 



CASE 

620 

626 

632 

(TO-116) 

646 

648 

693 

701 

726 

MATERIAL 




Plastic 

Plastic 

Ceramic 

Ceramic 

Plastic 

SUFFIX 

1 J, L 

PorPI 

1 L 

P or P2 

N, P 

U 

J 

N 
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LM104 



MONOLITHIC NEGATIVE VOLTAGE REGULATOR 

The LM104H, LM204H, and LM304H are precision negative volt¬ 
age regulators which can be programmed by a single external resistor 
to supply an output voltage from 40 volts down to zero volts. 

• Regulation No Load to Full Load — 1.0 mV 

• Line Regulation — 0.01%/V 

• Ripple Rejection — 0.2 mV/V 

• Temperature Stability Over Temperature Range — 0.3% 


NEGATIVE VOLTAGE 
REGULATOR 

MONOLITHIC SILICON 
INTEGRATED CIRCUIT 


H SUFFIX 

METAL PACKAGE 
CASE 603 
(TO-100) 
FlfiJA ■ 160°C/W 



CONNECTION 

ADJUSTMENT/7j^3q GROUND 
lEFERENCE^ 

SboSstIr 

impensationLVtvGJcurrent limit 




















LIVI104, LIVI204, LIVI304 (continued) 


MAXIMUM RATINGS (T/^ = +25°C unless otherwise noted) 


Rating 

Symbol 

LM104 

LM204 

LM304 

Unit 

Input Voltage 

Vin 

50 

50 

40 

Vdc 

Input-Output Voltage 

Differential 

0 

> 

c 

> 

50 

50 

40 

Vdc 

Power Dissipation (See Note 1) 

Pd 

680 

680 

680 

mW 

Operating Temperature Range 

Ta 

-55 to-H25 

-25 to +85 

0 to +70 

°C 

Storage Temperature Range 

^stg 

-65 to +150 

-65 to +150 

-65 to +150 

°c 

Lead Temperature 
(soldering, t = 10 s) 

Ts 

300 

300 

300 

°c 


ELECTRICAL CHARACTERISTICS (See Note 2) 


Characteristic 


LM104 

LM204 

LM304 

Unit 

oymbol 

mjg 

Typ 



Typ 

Max 

Input Voltage Range 

Vin 


- 

-50 

-8.0 

- 

-40 

Volts 

Output Voltage Range 

Vo 


- 

-40 


- 

-30 

Volts 

Output-Input Voltage Differential 








Volts 

lo = 20 mA 


2.0 

- 

mm 

2.0 

- 

40 


Iq = 5.0 mA 


0.5 

- 


0.5 

- 

40 


Load Regulation 

Regioad 







mV 

0 <lo <20 mA, Rsc= 150 


- 

1.0 

5.0 

- 

1.0 

5.0 


Line Regulation 

Regin 







% 

Vo <-5.0 V,AVin = 0.1 V 


- 

0.056 

0.1 

- 

0.056 

0.1 


Ripple Rejection (See Figure 1) 

RejR 







mV/V 

(Cl = 10pF,f = 120 Hz) 

Vin< -15 V 


1 

0.2 

0.5 

H 


0.5 


-7.0 V> V|n> -15 V 



0.5 

1.0 


0.5 

1.0 


Output Voltage Scale Factor 

SF 







V/k n 

Rl = 2.4 k SI (See Figures 1,2 and 3) 


1.8 


2.2 

1.8 

2.0 

2.2 


Temperature Stability 

TCVo 







% 

Vo< -1.0 V 

^Vo /^T 


0.3 

1.0 


_ 

— 


^ Vo < -1.0 V, 0°C < Ta < +70°C 

B 



B 

0.3 

1.0 


Output Noise Voltage (See Figure 1) 

Vn 








(10Hz< f< 10kHz) 









Vo< -5.0 V, Cl =0 



0.007 



0.007 


% 

Cl = lOpF 



15 



15 

9911 

pV 

Standby Current Drain (1 l = 5.0 mA) 

'b 




^B| 



mA 

Vo = 0 



1.7 

2.5 


1.7 

2.5 


Vq = -40 V 



3.6 

5.0 


- 

- 


Vo = -30 V 


BI 

- 

- 


3.6 

5.0 


Long Term Stability 

S 







% 

Vo< -1.0 V 



0.1 

1.0 

- 

0.1 

1.0 



Note 1: 

The maximum junction temperature of the L(\/1104 is+150°C, for the LIVI204 -+100°C, and for the LM304 -+85°C For operating 
at elevated temperatures, the package must be derated based on a thermal resistance of 150°C/W - junction to ambient, or 45°C/W - 
junction to case. 

Note 2; 

These specifications apply for junction temperatures of -55°C to +150°C for the LM104; -25°C to +100°C for the LIV1204, and 0 to 
+85°C for the LM304. The specifications also apply for input and output voltages within the indicated ranges (unless otherwise specified). 
Load and line regulation specifications given are for constant junction temperature. Temperature drift effects must be taken into account 
separately when the device is operating under conditions of high power dissipation. 
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MONOLITHIC POSITIVE VOLTAGE REGULATOR 

The LM105H, LM205H, and LIVI305H are precision voltage 
regulators which can be programmed by a single external resistor to 
supply an output voltage from 4.5 volts to 40 volts. 

• Output Currents in Excess of 10 A Possible by Addition of 

External Transistors 

• Load Regulation Better than 0.1%, Full Load with 

Current Limiting 

• DC Line Regulation, 0,03%/V 

• Ripple Rejection, 0.01%/V 


CIRCUIT SCHEMATIC 



CUHRENT LIMIT 
REGUIATEO OUTPUT 


REFERENCE BYPASS 

4 

-O GROUND 




POSITIVE VOLTAGE REGULATOR 
SILICON MONOLITHIC 


INTEGRATED CIRCUIT 


H SUFFIX 

METAL PACKAGE 
CASE 601 


It/ 


REGULATED OUTPUT 
CURRENT LIMIT \ 

BOOSTER OUTPUT® (t 

UNREGULATED INPUTgl 

GROUND 

Note Pm 4 connected to cas 
(TOP VIEW) 


ORDERING INFORMATION 


TYPICAL 

FIGURE 1 - BASIC REGULATOR CIRCUIT APPLICATIONS 



Temperature Range 


1 LM105H 

-55°C to +125°C 

Metal Can 

' LM205H 

-25°C to +85°C 

Metal Can 

LM305H : 

0°C to +70°C 

Metal Can 


FIGURE 3 - 1.0 A REGULATOR with PROTECTIVE DIODES 

1N400I OR EQUIVt 

I-W-• • • ♦-• . # Vo = 28 V 

02 s 31 ks ♦ 

.N ^ 1% > ^ 1N4001 OR EQUIVt 


FIGURE 2 - 10 A REGULATOR with FOLDBACK CURRENT LIMITING 

I • ♦ • WV ♦ . ? T ^ Vo = 5 0 V 


1 2 47pF 

O -o—nl 

o -o 

2 LM105H 6 



tProtects sQainst shorted input or 
inductive loads on unregulated 
supply 

’Protects against input voltage 
tProlects against output voltage 
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LIVI105, LM205, LM305 (continued) 


MAXIMUM RATINGS (T^ = +25°C unless otherwise noted) 


Rating 

Symbol 

LM105 

LM205 

LM305 

Unit 

Input Voltage 

Vin 

50 

50 

40 

Vdc 

Input-Output Voltage 

Differential 

o 

> 

c 

40 

40 

40 

Vdc 

Power-Dissipation (See Note 1) 

Pd 

680 

680 

680 

mW 

Operating Temperature Range 

Ta 


-25 to -F85 

0 to -F70 

oc 

Storage Temperature Range 

Tstg 

-65 to +150 



°C 

Lead Temperature 
(soldering, t = 10 s) 

H 

300 

300 

300 

°C 


ELECTRICAL CHARACTERISTICS (See Note 2) 


Characteristic 

Symbol 

LM105 

LM205 

LM305 

Unit 

I2QII 

Typ 



Typ 

l^ggH 

Input Voltage Range 

V.n 

8.5 

- 

50 

8.5 

- 

40 

Volts 

Output Voltage Range 

Vo 


- 

40 

4.5 

- 

30 

Volts 

Output-Input Voltage Differential 

< 

5 

< 

o 

mjin 

- 


3.0 

- 

30 

Volts 

Load Regulation (See Figure 1) 

RfiQload 




■■■ 



% 

(0<lo<12mA) 









Rsc = 18 n, Ta = +25®C 



0.02 

0.05 


0.02 

0.05 


RSC= 10 ^I-Ta “Thigh* 



0 03 

0.1 


0.03 

0.1 


RSC= ISO, Ta = T|o^‘* 


IB 

0.03 

0.1 

B3III 

0.03 

0.1 


Line Regulation 

Regjn 








Vin-Vo<5.0V 




0.06 

- 

0.025 

0.06 


Vin-Vo> 5,0 V 


H 


0.03 

- 

0.015 

0.03 


Ripple Rejection (See Figure 1) 








%/v 

Cref= lOpF.f = 120 Hz 


- 

0.003 

0.01 

1.0 

0.003 

0.01 


Temperature Stability 

TCVo 







% 

T|ow“<Ta< Thigh* 


- 

0.3 

1.0 

- 

0.3 

1.0 


Feedback Sense Voltage 

Vref 


1.7 

ugm 


1.7 


Volts 

Output Noise Voltage (See Figure 1) 

Vn 







% 

(10Hz< f< 10kHz) 









CRef = 0 



0.005 



0.005 



CRef > 0.1 pF 



0.002 

B 

Bi 

0.002 



Standby Current Drain 

•b 

imii 


■■ 



■■■I 

mA 

Vin = 50 V 



0.8 



- 



V|n = 40V 


B 

- 

B 


0.8 



Long Term Stability 

S 

- 

0.1 

1.0 

- 

0.1 

1.0 

% 


‘Thigh = +125°C for LM105 "T|ow = -55°C for LM105 

+85°C for LM205 -25°C for LM205 

+70°C for LM305 0°C for' lM305 


Note 1: 

The maximum junction temperature of the LM105 is + 150°C, for the LM205 - + 100°C, and for the LM305 - +85°C For operating at 
elevated temperatures, the package must be derated based on a thermal resistance of 1 50°C/W — junction to ambient, or 45 C/W junction 
to case 

Note 2: 

These specifications apply for junction temperatures of -55°C to + 150°C for the LM105, -25°C to +85°C for the LM205, and 0 to 
+ 70°C for the LIVI305 Specifications also apply for input and output voltages within the indicated ranges and for a divider impedance 
sensed by the feedback terminal of 2 0 kilohms (unless otherwise specified) Load and line regulation specifications given are for constant 
junction temperature Temperature drift effects must be taken into account separately when the device is operating under conditions of 
high power dissipation 
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MONOLITHIC POSITIVE THREE - TERMINAL 
FIXED VOLTAGE REGULATOR 

A versatile positive fixed +5.0-volt regulator designed for easy 
application as on on-card, local voltage regulator for digital logic 
systems. Current limiting and thermal shutdown are provided to 
make the units extremely rugged. 

In most applications only one external component, a capacitor, 
is required m conjunction with the LM109 Series devices. Even 
this component may be omitted if the power-supply filter is not lo¬ 
cated an appreciable distance from the regulator. 

• High Maximum Output Current — Over 1.0 Ampere in TO-3 type 
Package — Over 200 mA in TO-39 type Package. 

• Minimum External Components Required 

• Internal Short-Circuit Protection 

• Internal Thermal Overload Protection 

• Excellent Line and Load Transient Rejection 

• Designed for Use with Popular MDTL and MTTL Logic 


POSITIVE 

VOLTAGE REGULATOR 



© © 


K SUFFIX 
METAL PACKAGE 
CASE 1 
(TO-3 Type) 


(bottomX ghoun 
view) \ O 



(BOTTOM VIEW) 
H SUFFIX 
METAL PACKAGE 
CASE 79 
(T0.39) 
















Pq, POWER DISSIPATION (W) 


LM109, LM209, LM309 (continued) 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Input Voltage 

V.n 

35 

Vdc 

Power Dissipation 

Pd 

Internally Limited 


Junction Temperature Range 

LM109 

LM209 

LM309 

Tj 

-55 to +150 
-55 to +150 

0 to+125 

OC 

Storage Temperature Range 

^stg 

-65 to +150 

OC 

Lead Temperature 
(soldering, t = 60 s) 

Ts 

300 

OC 


ELECTRICAL CHARACTERISTICS 



Characteristic 

Symbol 

LM109/LM209 ® 

LM309 ( 


Unit 


Typ 

Max 

nom 

Typ 

Max 

Output Voltage (Tj = ■f25°C) 

Vq 

m 

5 05 

5 3 

wm 

5 05 

5 2 

Vdc 

Input Regulation (Tj = +25°C} 

7 0<V,n <25 V 

Re9in 

- 

4 0 

50 

- 

4 0 

50 

mV 


Load Regulation (Tj - +25°C) 

Case 11 01 (type TO-3) 5 0 mA ^ Iq 
C ase 79-02 (TO-39) 50mA<lo<0 5A 
Output Voltage Range 
7 0V <V,n<25 V 
5 0 mA ^ Iq ^ l^g^, P ^Pfnax 
Quiescent Current (7 0 V < V^ ^ 25 VI 
Qu lescent Current Change (7 0 V < V^ ^ 25 V) 

_ 5 0 mA ^ Ip^lmax 

Output Noise Voltage (T^ = +25°C) 

_ 10 Hz<f< 100 kHz 

Long Term Stability 

Thermal Resistance, Junction to Case @ 

Case 1,(type TO-31 
Case 79-02 (TO-39) 


50 100 

20 50 




Unless otherwise specified, these specifications apply lor -55°C ^ Tj i^-t150° (-25^C ^ Tj ^-r 150°C for the LM209) ForCase 79 02 


(TO 39) V,r, - 10 V, Iq = 0 1 A, 
Pmax = 20 W 


= 2 0W For Case 1 (type TO-3) V ' 10 V, I q = 0 5 A, I r 


Unless otherwise specified, these specifications apply for 0°C ^Tj ^ ♦ 125°C, V,n = 10V For Case 79 02 (TO 39) Iq = 0 1 A, Ipnax “ 0 2A 
and Pmax = 2 0 W For Case 1 (type TO 3) Iq = 0 5 A, Imax = 1 0 A and Pmax = 20 W 

Without a heat sink, the thermal resistance of the Case 79 02 (TO-39) package is about ISO^C/W, while that of the Case 1 (type TO 3) 

ch the values specified, depending on 


package is aoproximately 35^C/W With a heat sink, the effectn 
the efficiency of the heat sink 


TYPICAL CHARACTERISTICS 

(Vjn = 10 V, Ta = +25°C unless otherwise noted.) 


FIGURE 1 - MAXIMUM AVERAGE POWER DISSIPATION 
(LM109K, LM209K) 


FIGURE 2 - MAXIMUM AVERAGE POWER DISSIPATION 
(LM109H, LM209H) 




Ta, AMBIENT TEMPERATURE (<>0 T^, AMBIENT TEMPERATURE (oc) 
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lo, OUTPUT CURRENT (A) Zo, OUTPUT IMPEDANCE (li) POWER DISSIPATION (W) 


LM109, LM209, LIVI309 (continued) 


TYPICAL CHARACTERISTICS (continued) 

(Vin = 10 V, = +25°C unless otherwise noted.) 


FIGURE 3 - MAXIMUM AVERAGE POWER DISSIPATION 


FIGURE 4 - MAXIMUM AVERAGE POWER DISSIPATION 


(LM309K) 


(LM309H) 




25 5Q 75 100 125 150 


25 50 75 100 125 150 


Ta .AMBIENT TEMPERATURE (“0 


Ta, ambient TEMPERATURE (oC) 



10 100 10k 10 k 100 k 10M 

f, FREQUENCY (Hz) 



5 0 10 15 20 25 30 35 40 45 

Vin, INPUT VOLTAGE (V) 




50 

lO 

15 

20 25 30 35 

40 

45 

10 

100 

1.0 k 10 k 

100 k 

1.0 M 




Vin, INPUT VOLTAGE (V) 





f, FREQUENCY (Hz) 




4-1.q 




















IB. QUIESCENT CURRENT (mA) Vq, OUTPUT VOLTAGE (V) INPUT OUTPUT DIFFERENTIAL (V) 


LM109, LM209, LIVI309 (continued) 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 9 - DROPOUT VOLTAGE 


FIGURE 10 - DROPOUT CHARACTERISTIC 
(K PACKAGE) 



-75 -50 -25 0 +25 +50 +75 +100 +125 +150 +175 

Tj, JUNCTION TEMPERATURE (OC) 



50 60 7.0 80 90 

Vin, INPUT VOLTAGE (V) 



-75 -50 -25 0 +25 +50 +75 +100 +125 +150 +175 

Tj, JUNCTION TEMPERATURE (OC) 



10 100 1.0k 10k 

f, FREQUENCY (Hz) 


FIGURE 13 - QUIESCENT CURRENT 


FIGURE 14 - QUIESCENT CURRENT 




-75 -50 -25 0 +25 +50 +75 +100 +125 +150 +175 

Tj, JUNCTION TEMPERATURE (“C) 
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LM109, LM209, LM309 (continued) 


TYPICAL APPLICATIONS 


FIGURE 15 - ADJUSTABLE OUTPUT REGULATOR 


FIGURE 16 - CURRENT REGULATOR 



Cl _L 1 

0 22pF^’P> 


•DETERMINES OUTPUT CURRENT 


FIGURE 17 - 5.0-VOLT, 3.0-AMPERE REGULATOR 
(with plastic boost transistor) 


FIGURE 18 - 5.0 VOLT, 4.0-AMPERE TRANSISTOR 
(with plastic Darlington boost transistor) 


1 n 

5W MJE370 OR EQUIV 



, , 50V 

1^* 0-30A 


MJE1090 OR EQUIV 

- 1 



5.0 V 
1+ 0-4.0A 


FIGURE 19 - 5.0-VOLT, 10-AMPERE REGULATOR 


FIGURE 20 - 5.0-VOLT, 10-AMPERE REGULATOR 
(with Short-Circuit Current Limiting for 
Safe-Area Protection of pass transistors) 


MJ2955 OR EQUIV 


MJ2955 OR EQUIV 
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3-TERMINAL ADJUSTABLE 
OUTPUT POSITIVE VOLTAGE REGULATOR 

The LM117/217/317 are adjustable 3-terminal positive voltage 
regulators capable of supplying in excess of 1.5 A over an output 
voltage range of 1.2 V to 37 V. These voltage regulators are excep¬ 
tionally easy to use and require only two external resistors to set the 
output voltage. Further, they employ internal current limiting, 
thermal shutdown and safe area compensation, making them essen¬ 
tially blow-out proof. 

The LM117 series serve a wide variety of applications including 
local, on card regulation. This device also makes an especially 
simple adjustable switching regulator, a programmable output 
regulator, or by connecting a fixed resistor between the adjustment 
and output, the LM117 series can be used as a precision current 
regulator. 

• Output Current in Excess of 1,5 Ampere in TO-3 and TO-220 

Packages 

• Output Current in Excess of 0.5 Ampere in TO-39 Package 

• Output Adjustable between 1.2 V and 37 V 

• Internal Thermal Overload Protection 

0 Internal Short-Circuit Current Limiting Constant with Temperature 

• Output Transistor Safe-area Compensation 

• Floating Operation for High Voltage Applications 

• Standard 3-lead Transistor Packages 

• Eliminates Stocking Many Fixed Voltages 


* = Cjf-j is required if regulator is located an appreciable distance from power 
supply filter. 

** - Cq is not needed for stability, however It does improve transient 
response. 

Vout = 1-25 V(1+^) + lAdi R2 
Ri 

Since lAdj controlled to less than 100 mA, the error associated with this 
term is negligible in most applications 



3-TERMINAL 
ADJUSTABLE POSITIVE 
VOLTAGE REGULATOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


K SUFFIX 
METAL PACKAGE 
CASE 1 
(TO-3 Type) 



O © 

lAdjuit V 


(Bottom View) 


Pins 1 and 2 electrically isolated from case. 
Case Is third electrical connection. 


TSUFFIX 
PLASTIC PACKAGE 
CASE 221A 
(TO-220) 


Pin 1 Adjust 
Pin 2 v 

out 

Pin 3 v 


Heatsink surface connected 
to Pin 2 


H SUFFIX 

METAL PACKAGE 
CASE 79 
(TO 39) 


(Case is output) 



(Bottom View) 


Pin 2 Adjust 
Pin 3 V„,.. 


ORDERING INFORMATION 


Device 

Temperature Range 

Package 

LM117H 

Tj = -55°C to ■H50°C 

Metal Can 

LM117K 

Tj = -550C to+150°C 

Metal Power 

LM217H 

Tj = -25°C to-H50°C 

Metal Can 

LM217K 

Tj = -25°C to ■H50°C 

Metal Power 

LM317H 

Tj = 0°C to -H25°C 

Metal Can 

LM317K 

Tj = 0°C to +125°C 

Metal Power 

LM317T 

Tj = 0°C to -H25°C 

Plastic Power 
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LM117, LM217, LM317 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Input-Output Voltage Differential 

V|-Vo 

40 

Vdc 

Power Dissipation 

Pd 

Internally 

Limited 


Operating Junction Temperature Range 

LM117 

LM217 

LIVI317 

Tj 

-55 to -1-150 
-25 to-H50 
0to-H25 

°C 

Storage Temperature Range 

Tstg 

-65 to -H50 

°C 


ELECTRICAL CHARACTERISTICS (Vi — Vq = B V; Iq = 0.5 A for K and T packages; Iq = 0.1 A for H package; 

"Tj ■ T^low 1° Thigh [see Note 11; Imax Pmax Note 2; unless otherwise specified.) 



4 


NOTES; H) T|oyy = -55°C for LM117 Thjgh = +150°C for LM117 effects must be taken into account separately. Pulse 

=-25°C for LM217 =+150°C for LM217 testing with low duty cycle is used. 

= 0°C for LM317 = +125°C for LM317 (4) Selected devices with tightened tolerance reference 

(2) Imax = 1.5 A for K (TO-3) and T (TO-220) Packages voltage available. 

= 0.5 A for H (TO-39) Package (5) Cy^DJ- when used, is connected between the 

Pmax “ 20 W for K (TO-3) and T (TO-220) Packages adjustment pin and ground. 

= 2 W for H (TO-39) Package (6) Since Long Term Stability cannot be measured on 

(3) Load and line regulation are specified at constant each device before shipment, this specification is an 

junction temperature. Changes in Vq due to heating engineering estimate of average stability from lot to 

lot. 
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LIVI117, LM217, LM317 


SCHEMATIC DIAGRAM 



FIGURE 1 - LINE REGULATION AND AlAdj/LINE TEST CIRCUIT 











LM117, LM217, LM317 



'I V|n 


Loid Ragulitlon (mV) - Vq (min. Load) - Vq (max. Load) 

Load Raoulatlon (%Vo) ■ .<>"'"• Load) - VQ.imax. Lo_ad)^ 

Vo (min. Load) 

Vout / \ 


“Vq (min. Load) 





< 

< 



Adjuit p < 

240 


(max. Load)^ 


"1 < 

L 1 

t 1« 

. _ni 1 

< 

< 


Co 7 

•-k 


< R2 




> 1% 





Rl 

(min. Load) 


Pulta Tatting Required: 

^% Duty Cycle It luggatted. 


FIGURE 3 - STANDARD TEST CIRCUIT 
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.REFERENCE VOLTAG^(V) ^ tAdj. ADJUSTMENT PIN CURRENT (M) AVq, OUTPUT VOLTAGE CHANGE (%) 


LM117, LM217, LM317 



-75 -50 -25 0 25 50 75 100 125 150 

Tj, JUNCTION TEMPERATURE (“0 



-75 -50 -25 0 25 50 75 100 125 150 

Tj, JUNCTION TEMPERATURE ("O 



1220 


















AV|, INPUT VOLTAGE AVg, OUTPUT VOLTAGE 

CHANGE (V) DEVIATION (V) RR, RIPPLE REJECTION (dB) RR, RIPPLE REJECTION (dB) 


LM117, LM217, LM317 





















































LM117, LM217, LM317 


APPLICATIONS INFORMATION 


BASIC CIRCUIT OPERATION 

The LM117 is a 3-terminal floating regulator. In opera¬ 
tion, the LM117 develops and maintains a nominal 1.25 
volt reference (Vref) between its output and adjustment 
terminals. This reference voltage is converted to a pro¬ 
gramming current (IpROC) by R1 (see Figure 17), and 
this constant current flows through R2 to ground. The 
regulated output voltage is given by: 

DO 

Vout = Vref{1+^) + lAdiR2 



Since the current from the adjustment terminal (lAdj) 
represents an error term in the equation, the LM117 was 
designed to control l^dj to loss than 100 pA and keep it 
constant. To do this, all quiescent operating current is 
returned to the output terminal. This imposes the require¬ 
ment for a minimum load current. If the load current is 
less than this minimum, the output voltage will rise. 

Since the LM117 is a floating regulator, it is only the 
voltage differential across the circuit which is important 
to performance, and operation at high voltages with 
respect to ground is possible. 

FtGURE 17 - BASIC CIRCUIT CONFIGURATION 



LOAD REGULATION 

The Ll\/1117 is capable of providing extremely good 
load regulation, but a few precautions are needed to 
obtain maximum performance. For best performance, the 
programming resistor (R1) should be connected as close 
to the regulator as possible to minimize line drops which 
effectively appear in series with the reference, thereby 
degrading regulation. The ground end of R2 can be 
returned near the load ground to provide remote ground 
sensing and improve load regulation. 


EXTERNAL CAPACITORS 

A 0.1 pF disc or 1 juF tantalum input bypass capacitor 
(Cjn) is recommended to reduce the sensitivity to input 
line impedance. 

The adjustment terminal may be bypassed to ground to 
improve ripple rejection. This capacitor (Caqj) prevents 
ripple from being amplified as the output voltage is 
increased. A 10 pF capacitor should improve ripple 
rejection about ISdBat 120 Hz in a 10 volt application. 

Although the LM117 is stable with no output capaci¬ 
tance, like any feedback circuit, certain values of external 
capacitance can cause excessive ringing. An output capaci¬ 
tance (Cq) in the form of a 1 )uF tantalum or 25 /iF 
aluminum electrolytic capacitor on the output swamps 
this effect and insures stability. 

PROTECTION DIODES 

When external capacitors are used with any I.C. regu¬ 
lator it is sometimes necessary to add protection diodes to 
prevent the capacitors from discharging through low 
current points into the regulator. 

Figure 18 shows the Ll\/I117 with the recommended 
protection diodes for output voltages in excess of 25 V or 
high capacitance values (Cq > 25 i^F, CaDJ ^ 10 ^f). 
Diode Di prevents Cq from discharging thru the I.C. 
during an input short circuit. Diode D 2 protects against 
capacitor CaDJ discharging through the I.C. during an 
output short circuit. The combination of diodes DI and 
D2 prevents CadJ from discharging through the I.C. 
during an input short circuit. 

FIGURE 18 - VOLTAGE REGULATOR WITH 
PROTECTION DIODES 


Di 
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LM117, LM217, LM317 



'^outl Hsc 

V|n2 

LM117 Q ... . 

LM117 

(1) 

° (2) 


Diodes Di and D 2 and transistor Q 2 are added to allow adjustment 
of output voltage to 0 volts. 

□5 protects both LM117's during an input short circuit. 



' ^Voltage 

_I Adjust 

IN400f - 


IN4 001 


OUTPUT RANGE; 
0 < Vq < 25 V 
0< ln< 1.2 A 


FIGURE 20 - ADJUSTABLE CURRENT LIMITER 


S'/ Vout Rl Vo _^ 

- LM117 -O— WV—f-• 

1 1.25 I 


To provide current limiting of Iq 

to the system ground, the source of 
the FET must be tied to a negative 
voltage below -1.25 V 
^ref 

R 2 ^ I ' ■ 


'Omax+'DSS 4_1 

Vo< BVdss+ 1.25 V+ Vss T 

'Lmin - 'dSS < 'O < 1.5 A OVoc* 

As shown 0 < Iq < 1 A 


FIGURE 22 - SLOW TURN ON REGULATOR 


FIGURE 21 - 5 V ELECTRONIC SHUT DOWN REGULATOR 
















LM317L 


Adva^nce Inforixiation 


3-TERMINAL ADJUSTABLE 
OUTPUT POSITIVE VOLTAGE REGULATOR 

The LM117L/217L/317L are adjustable 3-terminal positive 
voltage regulators capable of supplying in excess of 100 mA over an 
output voltage range of 1.2 V to 37 V. These voltage regulators are 
exceptionally easy to use and require only two external resistors 
to set the output voltage. Further, they employ internal current 
limiting, thermal shutdown and safe area compensation, making 
them essentially blow-out proof. 

The LM117L series serves a wide variety of applications including 
local, on card regulation. This device also makes an especially 
simple adjustable switching regulator, a programmable output 
regulator, or by connecting a fixed resistor between the adjustment 
and output, the LM117L series can be used as a precision current 
regulator. 

• Output Current in Excess of 100 mA 

• Output Adjustable Between 1.2 V and 37 V 

• Internal Thermal Overload Protection 

• Internal Short-Circuit Current Limiting 

• Output Transistor Safe-Area Compensation 

• Floating Operation for High Voltage Applications 

• Standard 3-Lead Transistor Packages 

• Eliminates Stocking Many Fixed Voltages 


H SUFFIX 

METAL PACKAGE 
CASE 79 
(TO-39) 


(Bottom View) 



LOW-CURRENT 
3-TERMINAL 
ADJUSTABLE POSITIVE 
VOLTAGE REGULATOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


Z SUFFIX 

CASE 29 
TO-92 

PLASTIC PACKAGE 
(LM31 7L only) 


Pin 1 Adjust 

Pin 2 ^out 

Pin 3 V,_ 
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LM117L, LM217L, LM317L 


MAXIMUM RATINGS 


Rating 


Value 

BIBWl 

Input-Output Voltage Differential 

V,-Vo 

40 


Power Dissipation 

Pd 

Internally 

Limited 


Operating Junction Temperature Range 

LM117L 

LM217L 

LM317L 

Tj 

-55 to +150 
-25 to +150 
Oto +125 

°c 

Storage Temperature Range 

"'^stg 

-65 to +150 

°c 


ELECTRICAL CHARACTERISTICS 

(V| - Vq = 5 V; Iq = 40 nnA;Tj = T|ow *o Thigh [see Note 1] ; l^ax and Pmax P®’’ Note 2; unless otherwise specified.) 



4 


(1) T|ow = -55°Cfor LM117L Thjgh =+150°C for LM117L 

= -25°C for LM217L = +150°C for LM217L 

= 0°Cfor LM317L =+125°C for LM317L 

(2) lmax“ 100mA 

Pmax = 2 W for H (TO-39) Package 

= 625 mW for Z (TO-92) Package 
13) Load and line regulation are specified at constant 
junction temperature. Changes in Vq due to heating 


effects must be taken into account separately. Pulse 
testing with low duty cycle is used. 

(4) Selected devices with tightened tolerance reference 
voltage available. 

15) C/\Dj, when used, is connected between the 
adjustment pin and ground. 

(6) Since Long Term Stability cannot be measured on 
each device before shipment, this specification is an 
engineering estimate of average stability from lot to 
lot. 
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LIVI117L, LM217L, LM317L 


SCHEMATIC DIAGRAM 



FIGURE 1 - LINE REGULATION AND AlAdj/LINE TEST CIRCUIT 
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LM117L, LM217L, LM317L 



FIGURE 2 - LOAD REGULATION AND AIacIJ/I-OAD TEST CIRCUIT 


Lo«d Rsgulatlon (mV) - Vq (mln. Load) “ Vq (max. Load) 


V|n 

Load Ragulatlon (KVq) - 
Vout 
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^ J f 

0.1 /IF 

MAdH ^ 
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5 R2 
> 1% 




(max. Load) 


Pulia Tatting Raquirad: 

1K Duty Cycia It luggaitad. 


Rl 

(mln. Load) 


FIGURE 3 - STANDARD TEST CIRCUIT 
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AVq, output voltage change (%) 


LIVni7L, LM217L, LM317L 


FIGURE 5 - LOAD REGULATION 
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FIGURE 6 - RIPPLE REJECTION 



FIGURE 7 - CURRENT LIMIT 


FIGURE 8 - DROPOUT VOLTAGE 








AVq. output voltage change (%) Vrcf, REFERENCE VOLTAGE (V) 
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Tj, JUNCTION TEMPERATURE (“Cl 


Tj, JUNCTION TEMPERATURE (°C) 
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APPLICATIONS INFORMATION 


BASIC CIRCUIT OPERATION 

The LM117L is a 3-terminal floating regulator. In 
operation, the LM117L develops and maintains a nominal 
1.25 volt reference (Vref) between its output and adjust¬ 
ment terminals. This reference voltage is converted to a 
programming current (IpROC) by R1 (see Figure 13), 
and this constant current flows through R2 to ground. 
The regulated output voltage is given by: 

R2 

Vout “ Vref 0 + + lAdj ^2 



Since the current from the adjustment terminal (lAdj) 
represents an error term in the equation, the LM117Lwas 
designed to control lAdj 

constant. To do this, all quiescent operating current is 
returned to the output terminal. This imposes the require¬ 
ment for a minimum load current. If the load current is 
less than this minimum, the output voltage will rise. 

Since the LM117L is a floating regulator, it is only the 
voltage differential across the circuit which is important 
to performance, and operation at high voltages with 
respect to ground is possible. 

FIGURE 13 - BASIC CIRCUIT CONFIGURATION 



LOAD REGULATION 

The LIV1117L is capable of providing extremely good 
load regulation, but a few precautions are needed to 
obtain maximum performance. For best performance, the 
programming resistor (R1) should be connected as close 
to the regulator as possible to minimize line drops which 
effectively appear in series with the reference, thereby 
degrading regulation. The ground end of R2 can be 
returned near the load ground to provide remote ground 
sensing and improve load regulation. 


EXTERNAL CAPACITORS 

A 0.1 juF disc or 1 juF tantalum input bypass capacitor 
(Cjn) is recommended to reduce the sensitivity to input 
line impedance. 

The adjustment terminal may be bypassed to ground to 
improve ripple rejection. This capacitor (Cadj) prevents 
ripple from being amplified as the output voltage is 
increased. A 10 juF capacitor should improve ripple 
rejection about 15dB at 120 Hz in a 10 volt application. 

Although the LIV1117L is stable with no output capaci¬ 
tance, like any feedback circuit, certain values of external 
capacitance can cause excessive ringing. An output capaci¬ 
tance (Cq) in the form of a 1 pF tantalum or 25 pF 
aluminum electrolytic capacitor on the output swamps 
this effect and insures stability. 

PROTECTION DIODES 

When external capacitors are used with any I.C. regu¬ 
lator it is sometimes necessary to add protection diodes to 
prevent the capacitors from discharging through low 
current points into the regulator. 

Figure 14 shows the LI\/1117L with the recommended 
protection diodes for output voltages in excess of 25 V or 
high capacitance values (Cq > 10 pF, CadJ > 5 juF). 
Diode Di prevents Cq from discharging thru the I.C. 
during an input short circuit. Diode D 2 protects against 
capacitor CaDJ discharging through the I.C. during an 
output short circuit. The combination of diodes DI and 
D2 prevents CaDJ from discharging through the I.C. 
during an input short circuit. 

FIGURE 14 - VOLTAGE REGULATOR WITH 
PROTECTION DIODES 


Di 
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FIGURE 15 - ADJUSTABLE CURRENT LIMITER 



FIGURE 17 - SLOW TURN ON REGULATOR 
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LM140 series 
LM340 series 


3-TERMINAL POSITIVE VOLTAGE REGULATORS 


The LI\/1140/340 series of three-terminal positive voltage 
regulators are monolithic integrated circuits designed for a wide 
variety of applications including local on-board regulation Avail¬ 
able in seven fixed output voltage options from 5 0 to 24 volts, 
these regulators employ internal current limiting, thermal shut¬ 
down, and safe area compensation — making them virtually blow¬ 
out proof The LMI40/340 series is guaranteed to have line and 
load regulation that is a factor of two better than the 7800 series 
Although the LM140/340 series was designed primarily as a fixed 
regulator, it can be used with external components to obtain 
adjustable voltages 

• Output Currents in Excess of 1 0 A 

• Internal Thermal Overload Protection 

• Internal Short Circuit Limiting 

• Output Transistor Safe-Area Compensation 

• No External Components Required 

• Available m Both Commercial and Military TemperatureRanges 


THREE-TERMINAL 
POSITIVE 
FIXED VOLTAGE 
REGULATORS 


K SUFFIX 

METAL PACKAGE 
CASE 1 
(TO-3 TYPE) 



© 0 1 

Input Output j 


Pins 1 and 2 electrically isolated trom case Case 
IS third electrical connection 


STANDARD APPLICATION 



Device 

Voltage 

Temperature Range (T/\) 

LM140K-5 0 

5 0 Volts 

-55 to +125°C 

LM140K-6 0 

6 0 Volts 

-55 to +125''C 

LIVI140K-8 0 

8 0 Volts 

-55 to +125°C 

LM140K-12 

12 Volts 

-55 to +125°C 

LM140K-15 

15 Volts 

-55 to +125°C 

LM140K-18 

18 Volts 

-55 to +125°C 

LM140K-24 

24 Volts 

-55 to +125°C 

LM340K-5 0 

5 0 Volts 

0 to +70°C 

LM340K-6 0 

6 0 Volts 

0 to +70°C 

LM340K-8 0 

8 0 Volts 

0 to +70“C 

LM340K-12 

12 Volts 

0 to ^TO^C 

LM340K-15 

15 Volts 

Oto *70°C 

LM340K-18 

18 Volts 

0 to +70°C 

LM340K-24 

24 Volts 

0 to +70°C 



A common ground is required between 
the input and the output voltages The input 
voltage must remain typically 2 0V above 
the output voltage even during the low 
point on the input ripple voltage 

• = C|n (solid tantalum) is required, if 
regulator is located an appreciable 
distance from power supply filter 

** = Cq is not needed for stability, 
however, it does improve transient 
response If needed, its value should 
be greater than 0 1 fif 
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LIVI140 series, LIVI340 series 


LM140 series/LM340 series MAXIMUM RATINGS (T^ = +25°C unless otherwise noted ) 


Rating 

Symbol 

Value 

Unit 

Input Voltage 

V.n 


Vdc 

(BOV - 18 V) 


35 


(24 V) 


40 


Power Dissipation and Thermal Characteristics 




(Metal Package) 




Ta = +25°C 

Pd 

Internally Limited 

Watts 

Derate above Ta = +25°C 

l/PfiJA 

22 5 

mW/°C 

Thermal Resistance, Junction to Air 

PeJA 

45 

°C/W 

Tc = +25°C 

Pd 

Internally Limited 

Watts 

Derate above Tq = +65°C (See Figure 2) 

1/R0JC 

182 

mW/°C 

Thermal Resistance, Junction to Case 

R0JC 

5 5 

°C/W 

Storage Junction Temperature Range 

^stg 

-65 to +150 

°C 

Operating Junction Temperature Range 

Tj 



LM140 


-55 to +1 50 


LM340 


0 to +125 



NOTES 

1 T|ow = -55°CforLM140 Thigh =+150°C for LM140 
= 0°C for LM340 = +125 °C for LM340 


2 Load and line regulation are specified at constant junction temperature Changes in Vq due to heating effects must be taken into 
account separately Pulse testing with low duty cycle is used 
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LM140/340 — 5.0 ELECTRICAL CHARACTERISTICS 

(V|n = 10 V, Iq = 500 mA, Tj = T|Qy^ to T^igh (Note 1), unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25°C) 

Vq 


5 0 

52 

Vdc 

Iq = 5 0 mA to 1 0 A 






Input Regulation (Note 2) 

Reg,n 




mV 

8 0 to 20 Vdc 


— 


50 


7 0 to 25 Vdc (Tj = +25°C) 



— 

50 


8 0 to 12 Vdc, lo = 1 OA 


— 

— 

25 


7 3 to 20 Vdc, Iq = 1 0 A (Tj = +25°C) 


— 

— 

50 


Load Regulation (Note 2) 

Regioad 




mV 

5 0 mA ^ Iq ^ 1 0 A 



— 

50 


5 0 mA < Iq < 1 5 A (Tj = +25°C) 



— 

50 


250 mA < Iq < 750 mA (Tj = +25°C) 



— 

25 


Output Voltage 

Vq 




Vdc 

LM140 






8 0 ^ V,n ^ 20 Vdc, 5 0 mA ^ Iq jS 1 0 A, 


4 75 

5 0 

5 25 


Pq ^ 15 W 






LM340 






7 0 ^ V|n < 20 Vdc, 5 0 mA ^ Iq < 1 0 A, 


4 75 

5 0 

5 25 


Pq ^ 15 \A/ 






Quiescent Current 

lb 




mA 

Iq = 1 0 A 






LMMO 



40 

70 


LM340 



40 

85 


LMMO (Tj = +25°C) 



40 

60 


LM340 (Tj = +25°C) 



40 

80 


Quiescent Current Change 





mA 

8 0^V|n<25Vdc LMMO 




08 


7 0<V|n<25Vdc LM340 




1 0 


SOmA^IO^lOA LMMO, LM340 




05 


8 0^ V|n^20Vdc, lo = 1 OA LMMO 




08 


7 5 < V|n < 20 Vdc, Iq = 1 0 A LM340 




1 0 


Ripple Rejection 

RR 




dB 

LMMO 


68 

80 



LM340 


62 

80 



l0= 1 0A(Tj = +25°C) 






LMMO 


68 

— 



LM340 


62 

— 



Dropout Voltage 

o 

> 

c 

> 

— 

2 0 

- 

Vdc 

Qutput Resistance 

Rq 

- 

30 

- 

ml) 

Short-Circuit Current Limit 

*sc 

- 

2 0 

- 

A 

Qutput Noise Voltage (T^ = +25°C) 

Vn 

— 

40 

— 

mV 

10 Hz^f^ 100 kHz 






Average Temperature Coefficient of Qutput Voltage 

TCVo 

— 

±0 6 

— 

mV/°C 

Iq = 5 0 mA 






Peak Qutput Current (Tj = +25°C) 

Iq 

— 

24 

- 

A 

Input Voltage to Maintain Line Regulation (Tj = +25°C) 


lEI 

— 

— 

Vdc 

l0 = 1 OA 


imu 





NOTES 

1 T|ow = -55°CforLM140 Thigh =+150°C for LM140 
= 0°C for LM340 = +125°C for LM340 


2 Load and line regulation are specified at constant junction temperature Changes in Vq due to heating effects must be taken into 
account separately Pulse testing with low duty cycle is used 
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LM140 series, LM340 series 


LMI40/340 — 6.0 ELECTRICAL CHARACTERISTICS 

(V|n =11 V, Iq = 500 mA, Tj = T|o^ to Thigh (Note 1), unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25°C) 

Vo 

5 75 

6 0 

6 25 

Vdc 

Iq = 5 0 mA to 1 0 A 






Input Regulation (Note 2) 

Regin 

umim 

muji 


mV 

9 0 to 21 Vdc 




60 


8 0 to 25 Vdc (Tj = +25°C) 




60 


9 0 to 13 Vdc, Iq = 1 0 A 




30 


8 3 to 21 Vdc, Iq = 1 0 A (Tj = +25°C) 




60 


Load Regulation (Note 2) 

Reg load 




mV 

5 0 mA ^ Iq ^ 1 0 A 




60 


5 0 mA < Iq < 1 5 A (Tj = +25°C) 




60 


250 mA ^ Iq < 750 mA (Tj = +25°C) 




30 


Output Voltage 

Vo 




Vdc 

LMI 40 






9 0 ^ V|n 21 Vdc, 5 0 mA ^ Iq ^ 1 0 A, 



60 

6 3 


PO ^ 1 5 W 






LM340 






8 0 < V|n ^ 21 Vdc, 6 0 mA ^ Iq ^ 1 0 A, 



5 0 

6 3 


Pq^ 15 W 






Quiescent Current 

lb 




mA 

Iq = 1 0 A 






LMI 40 



4 0 



LM340 



4 0 

mam 


LMI40 (Tj = +25°C) 



40 



LM340 (Tj = +25°C) 



40 

8 0 


Quiescent Current Change 





mA 

9 0<V|n^25Vdc LM140 




08 


8 0^ V|n 25 Vdc LM340 




1 0 


50mA^I0^10A LM140, LM340 




0 5 


9 0^ V|n ^ 21 Vdc, Iq = 1 0 A LM140 




0 8 


8 6< V|n^ 21 Vdc, Iq = 1 0 A LM340 




1 0 


Ripple Rejection 

RR 




dB 

LMI 40 


65 




LM340 


59 

msm 



IO= 1 0A(Tj = +25°C) 






LMI 40 


65 




LM340 


59 




Dropout Voltage 

< 

5 

< 

O 

- 

20 

- 

Vdc 

Output Resistance 

Ro 

- 

35 

- 

mil 

Short-Circuit Current Limit 

•sc 

— 

1 9 

- 

A 

Output Noise Voltage (T/^ = +25°C) 

Vn 

— 

45 

— 

jiV 

lOHz^f^ 100 kHz 






Average Temperature Coefficient of Output Voltage 

TCVo 

_ 

±0 7 

— 

mV/°C 

Iq = 5 0 mA 






Peak Output Current (Tj = +25°C) 

•o 

— 

24 

- 

A 

Input Voltage to Maintain Line Regulation (Tj = +25°C) 


83 

— 

— 

Vdc 

Iq = 1 0 A 







NOTES 

1. T|ow = -55°C for LM140 Thigh = +150°C for LM140 
= 0°C for LM340 = +125°C for LM340 


2 Load and line regulation are specified at constant junction temperature Changes in Vq due to heating effects must be taken into 
account separately Pulse testing with low duty cycle is used 
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Ll\/1140 series, LM340 series 



LM140/340 — 8.0 ELECTRICAL CHARACTERISTICS 

(V|n = 14 V, Iq = 500 mA, Tj = Tiq^v 1° Thigh (Note 1), unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = r-25°C) 

Vo 


80 

8 3 

Vdc 

Iq = 5 0 mA to 1 0 A 






Input Regulation (Note 2) 

Regm 

mm 

mif 


mV 

11 to 23 Vdc 




80 


10 5 to 25 Vdc (Tj = +25°C) 




80 


11 to 17 Vdc, 1 0 = 1 0 A 




40 


10 5 to 23 Vdc, Iq = 1 0 A (Tj = +25°C) 




80 


Load Regulation (Note 2) 

Regioad 


mmi 


mV 

5 0 mA ^ Iq ^ 1 0 A 


— 


80 


5 0 mA ^ Iq < 1 5 A (Tj = +25°C) 


— 


80 


250 mA Iq ^ 750 mA (Tj = +25°C) 


— 


40 


Output Voltage 

Vo 

i^m 



Vdc 

LM140 






11 5 ^ V|n ^ 23 Vdc, 5 0 mA ^ Iq « 1 0 A, 



80 

8 4 


Pq ^ 15 W 






LM340 






10 5 ^ V|n C 23 Vdc, 5 0 mA ^ Iq « 1 0 A, 



8 0 

8 4 


Pq ^ 15 W 


Bn 




Quiescent Current 

lb 




mA 

Iq = 1 0 A 






LM140 



40 

7 0 


LM340 



4 0 

8 5 


LM140 (Tj = +25°C) 



4 0 

60 


LM340 (Tj = ■r25°C) 



40 

80 


Quiescent Current Change 

lb 




mA 

11 5^V|n<25Vdc LM140 




08 


10 5^V,n<25 Vdc LM340 




1 0 


50mA^I0^10A LM140, L(VI340 




05 


11 5^V|n^23Vdc, lo= 1 OA LM140 




08 


10 6 ^ V|n < 23 Vdc, Iq = 1 0 A LM340 




1 0 


Ripple Rejection 

RR 




dB 

LM140 


62 

76 

— 


LM340 


56 

76 

— 


lO = 1 0 A (Tj = r^25°C) 






LM140 


62 

— 

— 


LM340 


56 

— 

— 


Dropout Voltage 

O 

> 

c 

> 

— 

2 0 

- 

Vdc 

Output Resistance , 

Ro 

- 

40 

- 

mil 

Short-Circuit Current Limit 

Isc 

- 

1 5 

- 

A 

Output Noise Voltage (T/^ = +25°C) 

Vn 

— 

52 

— 

mV 

10 Hz^ f ^ 100 kHz 






Average Temperature Coefficient of Output Voltage 

TCVo 

— 

±1 0 

— 

mV/°C 

Iq = 5 0 mA 






Peak Output Current (Tj = +25°C) 

lo 

- 

2 4 

- 

A 

Input Voltage to Maintain Line Regulation (Tj = +25°C) 


105 

— 

— 

Vdc 

lO = 1 0 A 







NOTES 

1- T|ow = -55°CforLM140 Thigh =+150°C for LM140 
= 0°C for LM340 = +125°C for LM340 

2 Load and line regulation are specified at constant junction temperature Changes in Vq due to heating effects must be taken into 
account separately. Pulse testing with low duty cycle is used 
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LM140 series, LM340 series 


LM140/340 — 12 ELECTRICAL CHARACTERISTICS 

(V|n = 19 V, Iq = 500 mA, Tj = T|ow 1° T^igh (Note 1). unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25°C) 

Vo 

11 5 

12 

12 5 

Vdc 

Iq - 5 0 mA to 1 0 A 






Input Regulation (Note 2) 

Reg,n 


■■m 


mV 

15 to 27 Vdc 




120 


14 6 to 30 Vdc (Tj = +25°C) 




120 


16 to 22 Vdc, 1 0 = 1 0 A 




60 


14 6 to 27 Vdc, Iq = 1 0 A (Tj = +25°C) 




120 


Load Regulation (Note 2) 

f*®9load 

■■nn 



mV 

5 0 mA ^ Iq 1 0 A 




120 


5 0 mA ^ Iq ^ 1 5 A (Tj = +25°C) 




120 


250 mA Iq 750 mA (Tj = +25°C) 




60 


Output Voltage 

Vo 




Vdc 

LM140 






15 5 ^ V|n sS 27 Vdc, 5 0 mA ^ Iq ^ 1 0 A, 


11 4 

12 

12 6 


Pq C 15 W 






LM340 






14 5 ^ V|n ^ 27 Vdc, 5 0 mA Iq ^ 1 0 A, 


11 4 

12 

12 6 


Pq ^ 15 W 






Quiescent Current 

lb 




mA 

Iq = 1 0 A 






LM140 



40 

7 0 


LM340 



40 

8 5 


LM140 (Tj = +25°C) 



40 

60 


LM340 (Tj = +25°C) 



40 

80 


Quiescent Current Change 

'b 

HIHI 



mA 

15^V|n^30Vdc L(VI140 




08 


14 5 ^ V|n ^ 30 Vdc LIV1340 




1 0 


5 0mA^I0^10A L(VI140, LM340 




0 5 


15 ^ V|n < 27 Vdc, Iq = 1 0 A LM140 




08 


14 8^ V|n< 27Vdc, lo= 1 OA LM340 




1 0 


Ripple Rejection 

RR 




dB 

LM140 


61 




LM340 


55 




Iq = 1 0 A(Tj = t25°C) 






LM140 


61 




LIVI340 


55 




Dropout Voltage 

O 

> 

c 

> 

— 

20 

- 

Vdc 

Output Resistance 

Rq 

- 

75 

- 

ma 

Short-Circuit Current Limit 

Uc 

— 

1 1 

- 

A 

Output Noise Voltage (T/^ = +25°C) 

Vn 

— 

75 

— 

mV 

lOHz^f^ 100 kHz 






Average Temperature Coefficient of Output Voltage 

TCVo 

— 

±1 5 

— 

mV/°C 

Iq = 5 0 mA 






Peak Output Current (Tj = +25°C) 

•o 

— 

24 

- 

A 

Input Voltage to Maintain Line Regulation (Tj = +25°C) 


14 6 

— 

— 

Vdc 

Iq = 1 0 A 







NOTES 

1 T|ow ^-55°C for LM140 Thigh =+150°C for LM140 
= 0°CforLM340 =+125°C for LM340 


2. Load and line regulation are specified at constant junction temperature Changes in Vq due to heating effects must be taken into 
account separately Pulse testing with low duty cycle is used 
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LM140 series, LM340 series 



LM140/340— 15 ELECTRICAL CHARACTERISTICS 

(V|n = 23 V, Iq = 500 mA, Tj = T|ow to ^high (Note 1), unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25°C) 

Vo 

144 

15 

15 6 

Vdc 

Iq = 5 0 mA to 1.0 A 






Input Regulation (Note 2) 

Reg in 


■■ 


mV 

18 5 to 30 Vdc 




150 


17 5 to 30 Vdc (Tj = +25°C) 




150 


20 to 26 Vdc, 1 0 = 1 0 A 




75 


17 7 to 30 Vdc, Iq = 1 0 A (Tj = +25°C) 




150 


Load Regulation (Note 2) 

f*®9load 



■H 

mV 

5 0 mA ^ Iq ^ 1 0 A 






5 0 mA ^ Iq ^ 1 5 A (Tj = +25°C) 






250 mA ^ Iq ^ 750 mA (Tj = +25°C) 




75 


Output Voltage 

Vo 




Vdc 

LM140 






18 5 ^ V|n ^ 30 Vdc, 5 0 mA ^ Iq ^ 1 0 A, 


14 25 

15 

15 75 


Pq^ 15 W 






LM340 






17 5 < V|n ^ 30 Vdc, 5 0 mA ^ Iq ^ 1 0 A, 


14 25 

15 

15 75 


Pq ^ 15 W 






Quiescent Current 

lb 




mA 

Iq ^ 1 0 A 






LM140 



4 0 

70 


LM340 



4 0 

8 5 


LM140 (Tj = +25°C) 



40 

60 


LIVI340 (Tj = +25°C) 



40 

80 


Quiescent Current Change 

lb 

Hjnm 



mA 

18 5 ^ V|n < 30 Vdc LM140 




08 


17 5^V|n^30Vdc LIVI340 




1 0 


50mA<lo^10A LM140, LM340 




05 


18 5^ V|„^30Vdc, lo = 1 OA LM140 




08 


17 9^ V,n iS 30 Vdc, Iq = 1 0 A LM340 




1 0 


Ripple Rejection 

RR 




dB 

LM140 


60 

70 



LIVI340 


54 

70 



Iq = 1 0 A (Tj = •l■25°C) 






LM140 


60 

— 



LM340 


54 

— 



Dropout Voltage 

< 

3 

< 

o 

- 

2 0 

- 

Vdc 

Output Resistance 

Ro 

- 

95 

- 

mil 

Short-Circuit Current Limit 

*SC 

- 

800 

- 

mA 

Output Noise Voltage (T^ = +25°C) 

Vn 

_ 

90 

— 

pV 

10 Hz^ f ^ 100 kHz 






Average Temperature Coefficient of Output Voltage 

TCVo 

— 

+ 1 8 

— 

mV/°C 

Iq = 5 0 mA • 






Peak Output Current (Tj = +25°C) 

Iq 

— 

24 

- 

A 

Input Voltage to Maintain Line Regulation (Tj = +25°C) 


17 7 

— 

— 

Vdc 

Iq = 1 0 A 







NOTES 

1 T|ow = -55°CforLM140 Thigh =+1 50°C for LM140 

= 0°C for LM340 = +125°C for LM340 

2 Load and line regulation are specified at constant junction temperature. Changes in Vq due to heating effects must be taken into 
account separately Pulse testing with low duty cycle is used 
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LM140 series, LM340 series 


LM140/340 — 18 ELECTRICAL CHARACTERISTICS 

(V|n = 27 V, Iq = 500 mA, Tj = T)q^ to T^igh (Note 1), unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25°C) 

Vo 

17 3 

18 

18 7 

Vdc 

Iq = 5 0 mA to 1 0 A 






Input Regulation (Note 2) 

Reg.n 




mV 

21 5 to 33 Vdc 


__ 

— 

180 


21 to 33 Vdc (Tj = +25°C) 


— 

— 

180 


24 to 30 Vdc, 1 0 = 1 0 A 


— 


90 


21 to 33 Vdc, Iq = 1 0 A (Tj = +25°C) 


— 

— 

180 


Load Regulation (Note 2) 

f*®9load 




mV 

5 0 mA ^ Iq ^ 1 0 A 




180 


5 0 mA ^ Iq ^ 1 5 A (Tj = +25°C) 




180 


250 mA ^ Iq ^ 750 mA (Tj = +25°C) 




90 


Output Voltage 

Vo 




Vdc 

LM140 






22 ^ V|n s; 33 Vdc, 5 0 mA ^ Iq ^ 1 0 A, 


17 1 

18 

18 9 


Pq ^ 15 W 






LM340 






21 ^ V,n ^ 33 Vdc, 5 0 mA ^ Iq ^ 1 0 A, 


17 1 

18 

18 9 


Pq ^ 15 W 






Ouiescent Current 

'b 




mA 

Iq = 1 0 A 






LM140 



40 

7 0 


LM340 



40 

8 5 


LM140 (Tj = +25°C) 



4 0 

60 


LM340 (Tj = +25°C) 



40 

80 


Quiescent Current Change 


IHIIIII 



mA 

22<V|n^33Vdc LM140 




0 8 


21 ^ V|n < 33 Vdc LM340 




1 0 


50mA^IO<10A LM140, LM340 




05 


22^ V|n<33 Vdc, lo= 1 OA LM140 




08 


21 < V|n ^ 33 Vdc, Iq = 1 0 A LM340 




1 0 


Ripple Rejection 

RR 




dB 

LM140 


59 

69 



LM340 


53 

69 



IO= 1 0A(Tj = +25°C) 






LM140 


59 

— 



LM340 


53 

— 



Dropout Voltage 

< 

5 

< 

o 

- 

2 0 

- 

Vdc 

Output Resistance 

Ro 

- 

110 

— 

ml) 

Short-Circuit Current Limit 

•sc 

- 

500 

- 

mA 

Output Noise Voltage (T/^ = +25°C) 

Vn 

— 

110 

— 

mV 

10 Hz^ f ^ 100 kHz 






Average Temperature Coefficient of Output Voltage 

TCVo 

— 

+ 2 3 

— 

mV/°C 

Iq = 5 0 mA 






Peak Output Current (Tj = +25°C) 

'0 

- 

24 

- 

A 

Input Voltage to Maintain Line Regulation (Tj = +25°C) 


21 

— 

— 

Vdc 

Iq = 1 0 A 







NOTES 

1 T|ow =-55°Cfor LM140 Thigh =+150°C for LM140 
= 0=C for LM340 = +125°C for LM340 


2 Load and line regulation are specified at constant junction temperature Changes in Vq due to heating effects must be taken into 
account separately Pulse testing with low duty cycle is used 
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LM140 series, LM340 series 



LM140/340 — 24 ELECTRICAL CHARACTERISTICS 

(V|n = 33 V, Iq = 500 mA, Tj = T|ow to ^^high (Note 1), unless otherwise noted) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25°C) 

Vo 

23 

24 

25 

Vdc 

Iq = 5 0 mA to 1 0 A 






Input Regulation (Note 2) 

Regin 




mV 

28 to 38 Vdc 


— 

— 



27 to 38 Vdc (Tj = +25°C) 


— 

— 



30 to 36 Vdc. 1 0 = 1 0 A 


— 




27 1 to 38 Vdc, lo = 1 0 A (Tj = +25°C) 


— 

— 



Load Regulation (Note 2) 

Regioad 



BB 

mV 

5 0 mA < Iq ^ 1 0 A 


— 


BB 


5 0 mA do ^ 1 5 A (Tj = +25°C) 


— 


BB 


250 mA ^ Iq ^ 750 mA (Tj = +25°C) 


— 




Output Voltage 

Vo 




Vdc 

LM140 






28 ^ V|n ^ 38 Vdc 5 0 mA < Iq ^ 1 0 A, 


22 8 

24 

25 2 


Pq ^ 15 W 






LM340 






27 < V|n ^ 38 Vdc, 5 0 mA < Iq < 1 0 A, 


22 8 

24 

25 2 


Pq < 15 W 






Quiescent Current 

'b 




mA 

Iq = 1 0 A 






LM140 



40 

70 


LM340 


— 

40 

8 5 


LM140 (Tj = +25°C) 


— 

40 

60 


LM340 (Tj = +25°C) 


— 

40 

80 


Quiescent Current Change 

Alb 




mA 

28^Vin^38Vdc LM140 




08 


27 ^ V|n ^ 38 Vdc L(VI340 




1 0 


5 0mA^I0^10A LM140, LM340 




05 


28^ V|n^38Vdc, lo= 1 OA LM140 




08 


27 3 ^ V|n < 38 Vdc, Iq = 1 0 A LM340 




1 0 


Ripple Rejection 

RR 




dB 

LM140 



66 

— 


LM340 



66 

— 


Iq = 1 0 A (Tj = +25°C) 






LM140 


56 

— 

_ 


LM340 


50 

— 

_ 


Dropout Voltage 

o 

> 

c 

> 

- 

2 0 

- 

Vdc 

Output Resistance 

Ro 

— 

150 

- 

mil 

Short-Circuit Current Limit 

Isc 

- 

200 

- 

mA 

Output Noise Voltage (T/\ = +25°C) 

Vn 

— 

170 

— 

AiV 

lOHz^f^ 100 kHz 






Average Temperature Coefficient of Output Voltage 

TCVo 

— 

±3 0 

— 

mV/°C 

Iq = 5 0 mA 






Peak Output Current (Tj = +25°C) 

'0 

- 

24 

- 

A 

Input Voltage to Maintain Line Regulation (Tj = +25°C) 


27 1 

— 

— 

Vdc 

l0 = 1 OA 







NOTES 

1 T|ow = -55°CforLM140 Thigh =+150°C for LM140 
= 0°C for LM340 = +125°C for LM340 


2 Load and line regulation are specified at constant junction temperature Changes in Vq due to heating effects must be taken into 
account separately. Pulse testing with low duty cycle is used 


4-40 


































































LM140 series, LM340 series 


FIGURE 1 - WORST CASE POWER DISSIPATION 
versus AMBIENT TEMPERATURE 



-60 -25 0 25 50 75 100 125 


Tft, AMBIENT TEMPERATURE (“0 


FIGURE 3 - INPUT-OUTPUT DIFFERENTIAL 
AS A FUNCTION OF JUNCTION TEMPERATURE 



-50 -25 0 25 50 75 100 125 


Tft, AMBIENT TEMPERATURE (“0 


FIGURE 5 - RIPPLE REJECTION 
ASA FUNCTION OF FREQUENCY 



10 100 10k 10 k 100 k 

f, FREQUENCY (Hz) 


FIGURE 2 - DROPOUT CHARACTERISTICS 



0 2 0 4 0 6 0 8 0 10 12 14 16 


INPUT VOLTAGE (V) 

FIGURE 4 - PEAK OUTPUT CURRENT AS A FUNCTION 
OF INPUT-OUTPUT DIFFERENTIAL VDLTAGE 



0 5 0 10 15 20 25 30 35 

V|n - Vq, INPUT/OUTPUT VOLTAGE 
DIFFERENTIAL (VOLTS) 


FIGURE 6 - QUIESCENT CURRENT 
AS A FUNCTION OF TEMPERATURE 



-50 -25 0 25 50 75 100 125 


T^, AMBIENT TEMPERATURE (“O 
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A precision band-gap voltage reference designed for critical 
instrumentation and D/A converter applications. This unit is 
designed to work with Motorola MC1506, MC1508, and MC3510 
D/A converters, and MCI 4433 A/D systems. Low temperature drift 
is a prime design consideration. 

• Output Voltage = 2.5 V ±25 mV 

• Input Voltage Range = 4.5 V to 40 V 

• Quiescent Current =1.2 mA typ 

• Output Current = 10 mA 

• Temperature Coefficient = 10 ppm/°C typ 

• Guaranteed Temperature Drift Specification 

• Equivalent to AD580 

• Standard 8-Pin DIP Package 

Typical Applications 

• Voltage Reference for 8-12 Bit D/A Converters 

• Low Tc Zener Replacement 

• High Stability Current Reference 

• Voltmeter System Reference 

MAXIMUM RATINGS (T/^ = 25°C unless otherwise noted.) 


U SUFFIX 
CERAMIC PACKAGE 
CASE 693 




Rating 

Symbol 

Value 

Input Voltage 

V| 

40 

Storage Temperature 

’’’stg 

-65 to 150 

Junction Temperature 

Tj 

+ 175 

Operating Ambient Temeprature Range 
MC1503,A 

MC1403,A 

Ta 

-55 to +125 

0 to +70 



ORDERING INFORMATION 


Device 


MC1503U 


MC1503AU 


MC1403U 


MC1403AU 


Temperature 

Range 


Package 


Ceramic DIP 


Ceramic DIP 



FIGURE 1 - A REFERENCE FOR MOTOROLA MONOLITHIC D/A CONVERTERS 


MC1403,A 2 

2.5 V 

. i. j 

500 17 1 

O 1 


Pins Numbers for 

Senes T 

R1 

R2 

> u 

1 

Ref, 

MC1508/1408/3408 


Senes, device 
could also be 

MC1506/1406 or MC3510/3410 


PROVIDING THE REFERENCE CURRENT 

FOR MOTOROLA MONOLITHIC D/A CONVERTERS 

The MC1403/1503 makes an ideal reference for the 
Motorola monolithic D/A converters The MC1406/1506. 
MC1408/1508, MC3410/3510 and MC3408 D/A converters all 
require a stable current reference of nominally 2.0 mA This 
can be easily obtained from the MC1403/1503 with the 
addition of a series resistor, R1. A variable resistor, R2, is 


recommended to provide means for full-scale adjust on the 
D/A converter. 

The resistor R3 improves temperature performance by 
matching the impedance on both inputs of the D/A reference 
amplifier The capacitor decouples any noise present on the 
reference line. It is essential if the D/A converter is located any 
appreciable distance from the reference. 

A single MC1403/1503 reference can provide the required 
current input for up to five of the monolithic D/A converters. 
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IVIC1403, A, MC1503, A 


ELECTRICAL CHARACTERISTICS (Vj “ 15 V,T/y = 26°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage 

Vo 

2.476 

2.50 

2.525 

V 

do = 0 mA) 






Temperature Coefficient of Output Voltage 

AVqMT 




ppm/°C 

MCI 503 


- 

_ 

55 


MC1503A 


- 

_ 

25 


MC1403 


- 

10 

40 


MC1403A 


- 

10 

25 


Output Voltage Change 

AVq 




mV 

(over specified temperature range) 






MCI 503 1 . 5500 , 0 +125°C 


- 

- 

25 


MC1503A 1 


— 

— 

11 


MC1403 1 oOo,o+7oOc 


- 

- 

7.0 


MC1403A ) 


— 

— 

4.4 


Line Regulation 

Re9in 




mV 

(15 V < V| < 40 V) 



1.2 

4.5 


(4.5 V < V| < 15 V) 


- 

06 

3.0 


Load Regulation 

^®9ioad 

- 

- 

10 

mV 

(0 mA < Iq < 10 mA) 






Quiescent Current 

l| 

- 

1 2 

1.5 

mA 

(Iq = 0 mA) 


































































MC1403, A, MC1503, A 


3-1/2-DIGIT VOLTMETER - COMMON ANODE 
DISPLAYS, FLASHING OVERRANGE 

An example of a 3-1/2-digit voltmeter using the 
MC14433 IS shown in the circuit diagram of Figure 8. 
The reference voltage for the system uses an MC1403 
2.5 V reference 1C. The full scale potentiometer can 
calibrate for a full scale of 199.9 mV or 1.999 V. When 
switching from 2 V to 200 mV operation, R| is also 
changed, as shown on the diagram. 

When using Rq equal to 300 kfl, the clock frequency 
for the system is about 66 kHz. The resulting conversion 
time IS approximately 250 ms. 

When the input is overrange, the display flashes on 
and off. The flashing rate is one-half the conversion rate. 


This IS done by dividing the EOC pulse rate by 2 with 
1/2 MC14013B flip-flop and blanking the display using 
the blanking input of the MC14543B. 

The display uses an LED display with common anode 
digit lines driven with an MC14543B decoder and an 
MC1413 LED driver. The MC1413 contains 7 Darlington 
transistor drivers and resistors to drive the segments of 
the display. The digit drive is provided by four MPS-A12 
Darlington transistors operating in an emitter-follower 
configuration. The MC14543B, MC14013B and LED 
displays are referenced to Vee via pin 13 of the MC14433. 
This places the full power supply voltage across the 
display. The current for the display may be adjusted by 
the value of the segment resistors shown as 150 ohms 
in Figure 8. 


FIGURE 8 - 3-1/2-DIGIT VOLTMETER 


IVIC1403 
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MC1404 MC1404A 
MC1504 MC1504A 


Adva^xice Informa^tioii 


LOW-VOLTAGE REFERENCE FAMILY 

The MCI404 series of ICs is a family of temperature-compensated 
voltage references for precision data conversion applications, such as 
A/D, D/A, V/F, and F/V. Advances in laser-trimming and ion- 
implanted devices, as well as monolithic fabrication techniques, 
make these devices stable and accurate to 12 bits over both military 
and commercial temperature ranges. In addition to excellent tem¬ 
perature stability, these parts offer excellent long-term stability and 
low noise. 

• Output Voltages: Standard, 5.0 V, 6.25 V, 10 V 

• Trimmable Output: > ± 6% 

• Wide Input Voltage Range: Vrep + 2.5 V to 40 V 

• Low Quiescent Current: 1.25 mA Typical 

• Temperature Coefficient: 10 ppm/°C Typical 

• Low Output Noise: 12 /jV p-pTypical 

• Excellent Ripple Rejection: > 80 dB Typical 

TYPICAL APPLICATIONS 

• Voltage Reference for 8 -12 Bit D/A Converters 

• Low Tc Zener Replacement 

• High Stability Current Reference 

• MPU D/A and A/D Applications 


FIGURE 1 - VOLTAGE OUTPUT 10 BIT DAC USING MC1404U10 


200 k 
Cermet 
5 k 20 Turn 



25 k Cermet 
—I 20 Turn 


2 R k _ LF156A 


PRECISION LOW-DRIFT 
VOLTAGE REFERENCES 

5.0, 6.25, and 10-VOLT OUTPUT VOLTAGES 

LASER TRIMMED SILICON 
MONOLITHIC INTEGRATED CIRCUIT 


U SUFFIX 

CERAMIC PACKAGE 
CASE 693 



ORDERING INFORMATION 


PACKAGE (ALL TYPES) 
Ceramic DIP 


1 Device | 

Temperature Range | 

5.0 Volts 

MC1504U5 

-55°C to -H25°C 

IVIC1504AU5 

-55°C to+125°C 

MC1404U5 

0°C to + 70°C 

MC1404AU5 

0°C to -l-70°C 


IVIC1504U6 

-55°C to-l-125°C 

MC1504AU6 

-55°Cto-i-125°C 

IVIC1404U6 

0°C to+70°C 

MC1404AU6 

0°C to+70°C 


MC1504U10 

-55°C to-t-125°C 

IVIC1504AU10 

-55°C to-t-125°C 

MC1404U10 

0°C to +70°C 

MC1404AU10 

0°C to+70°C 


This it advance information and tpecificationt are subject to change without notice. 
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MC1404, A, MC1504, A 


ELECTRICAL CHARACTERISTICS (Vm = 15 Volts, = 25°C and Trim Terminal not connected unless otherwise noted) 




MC1404,A 

MC1504,A 


Characteristic 

Symbol 


■STB 


K^B 

BH!1 


Unit 

Output Voltage 

Vo 







Volt 

(1(3 = 0 mA) 









U5, AU5 


4.95 

5.00 

5.05 

4.95 

5.00 

5.05 


U6, AU6 


6.19 

6.25 

6.31 

6.19 

6.25 

6.31 


U10, AU10 


9.90 

10 

10.10 

9.90 

10 

10.10 


Output Voltage Tolerance 

- 

- 

Bill 

BO 

- 

Bill 

±1.0 

% 

Output Trim Range (Figure 10) 

^Vtrim 


- 

- 


- 

- 

% 

(Rp = 100 kn) 


m 



B 




Output Voltage Temperature Coefficient, 

AVo/AT 





IBI 


ppm/°C 

Over Full Temperature Range 









MCI404, MCI 504 



10 

40 



55 


MC1404A, MC1504A 



10 

25 



25 


Maximum Output Voltage Change 

AVo 


■^B 


^■B 


■1 

mV 

Over Temperature Range 







B 


MC1404U5, MC1504U5 




14 





MC1404AU5, MC1504AU5 



^^B 

9.0 





MC1404U6, MC1504U6 




17 5 


^^B 

62 


MC1404AU6, MC1504AU6 




11 





MC1404U10, MC1504U10 




28 


^^B 



MC1404AU10, MC1504AU10 




18 





Line Regulation (1 ) 

ReSLINE 

- 

2.0 

6.0 

- 

2.0 

6.0 

mV 

(Vin = Vout + 2 5 V to 40 V, lout = 0 mA) 









Load Regulation (1) 

ReSLOAD 

- 

- 

10 

- 

- 

10 

mV 

(0 < Iq < 10 mA) 









Quiescent Current 

l| 

- 

1 2 

1.5 

- 

1.2 

1 5 

mA 

do = 0 mA) 









Short Circuit Current 

•sc 

mm 

20 

■BBI 

- 

- 

30 

mA 

Long Term Stability 

- 


25 


- 

wm 

- 

ppm/1000 hrs 


Note 1 ■ Includes thermal effects 


DYNAMIC CHARACTERISTICS (Vm = 15 V, = 25°C all voltage ranges unless otherwise noted) 




MC1404,A 

MC1504,A 


Characteristic 

Symbol 


BZSI 

wmm 

I^IK 



Unit 

Turn-On Settling Time 

<S 

- 

50 

- 

- 

50 

- 

MS 

(to ±0 01%) 









Output Noise Voltage — P to P 

en 

- 

12 

- 

- 

12 

- 

pV 

(Bandwidth 0.1 to 10 Hz) 









Small-Signal Output Impedance 

*■0 




k^k 



n 

120 Hz 



0 15 

^^K 


0 15 

- 


500 Hz 



02 

KK 


02 

- 


Power Supply Rejection Ratio 

PSRR 

El 

kb 


70 

KSI 

- 

dB 
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MC1404, A, MC1504, A 


FIGURE 2 - SIMPLIFIED DEVICE DIAGRAM 


VtEMP 




-75 -50 -25 0 +25 +50 +75 +100 +125 

Ta, ambient temperature (“0 



FIGURE 4 - OUTPUT VOLTAGE versus TEMPERATURE 
MC1404U10 




-50 -25 0 +25 .+50 +75 +100 +125 

Ta. ambient temperature (“O 


FIGURE 6 - POWER SUPPLY REJECTION RATIO 
versus FREQUENCY 



f, FREQUENCY (kHz) 


FIGURE 7 - QUIESCENT CURRENT versus TEMPERATURE 



-50 -25 0 +25 +50 +75 +100 +125 


Ta, ambient temperature ("Cl 
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MC1404, A, MC1504, A 


FIGURE 8 - SHORT CIRCUIT CURRENT versus TEMPERATURE FIGURE 9 - VjEMP OUTPUT versus TEMPERATURE 



-50 -25 0 +25 +50 +75 +100 +125 -50 -25 0 +25 +50 +75 +100 +125 


Ta, ambient temperature (OC) Ta, ambient temperature (OC) 


FIGURE 10 - OUTPUT TRIM CONFIGURATION FIGURE 11 - PRECISION SUPPLY USING MC1404 


+ 15 V 



The MC1404 trim terminal can be used to adjust the output 
voltage over a ±6% range For example, the output can be set to 
10.000 V or to 10 240 V for binary applications For trimming, 
Bourns type 3059, 100 kH or 200 kH trimpot is recommended 



The addition of a power transistor, a resistor, and a capacitor 
converts the MC1404 into a precision supply with one ampere 
current capability. At V+ = 15 V, the MC1404 can carry in excess 
of 14 mA of load current with good regulation. If the power 
transistor current gain exceeds 75, a one ampere supply can 
be realized 


FIGURE 12 - ULTRA STABLE REFERENCE FOR MC1723 VOLTAGE REGULATOR 


Supply 
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*40 Turns #16 Wire, Arnold A-894075-2 


FIGURE 14 - HIGH SPEED 8 BIT D/A CONVERTER USING MC1404U10 

I PS s®11° 5' 000 mA with R1 
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MC1463 

MC1563 


Specifica^tioxis a^xid Applica^tions Ixifopxxisition 


NEGATIVE VOLTAGE REGULATOR 

The MC1563/MCI463 is a “three terminal" negative regulator designed to deliver con¬ 
tinuous load current up to 500 mAdc and provide a maximum negative input voltage of 
—40 Vdc. Output current capability can be increased to greater than 10 Adc through use 
of one or r . e external transistors. 

Specifications and performance of the MCI 563/MCI 463 Negative Voltage Regulator are 
nearly identical to the MCI 569/MC1469 Positive Voltage Regulator. For systems re¬ 
quiring both a positive and negative power supply, these devices are excellent for use as 
complementary regulators and offer the advantage of operating with a common input 
ground. 

The MC1563R/MC1463R case can be mounted directly to a grounded heat sink which 
eliminates the need for an insulator 

• Case IS at Ground Potential (R package) 

• Electronic "Shutdown" and Short-Circuit Protection 

• Low Output Impedance — 20 Milliohms typical 

• High Power Capability — 9.0 Watts 

• Excellent Temperature Stability — AVq/AT = ±0 002%/°C typical 

• High Ripple Rejection — 0.002% typical 

• 500 mA Current Capability 


NEGATIVE-POWER-SUPPLY 
VOLTAGE REGULATOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 
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MC1463, MC1563 


MAXIMUM RATINGS (Tc = +250C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Input Voltage 

V| 



Vdc 

MC1463 


-35 


MCI 563 


-40 




G Package 

R Package 


Load Current — Peak 

'l 

250 

600 

mA 

Current, Pin 2 

'2 

10 

10 

mA 

Power Dissipation and Thermal Characteristics 





Ta = 25°C 

Pd 

0.68 

2.4 

Watts 

Derate above Ta = 25°C 

i/Rsja 

5.44 

16 

nmi°c 

Thermal Resistance, Junction to Air 

R0ja 

184 

62 

OC/W 

Tc = 25°C 

Pd 

1.8 

9.0 

Watts 

Derate above Tc = 25°C 

1/Rejc 

14.4 

61 

mW/°C 

Thermal Resistance, Junction to Case 

R0JC 

69.4 

17 

“C/W 

Operating and Storage Junction Temperature 

Tj. Tstg 

-65 to +150 

°C 

Range 






OPERATING TEMPERATURE RANGE 


Operating Ambient Temperature Range 

Ta 


°C 

MCI463 


0 to +70 


MCI563 


-55 to+125 



ELECTRICAL CHARACTERISTICS (II = 100 mAdc, Tc = + 25 OC, Vjp = 15 V, Vq = 10 V unless otherwise noted.) 


Characteristic 

IH 

Note 

Symbol 

MCI563 

MCI463 

Unit 


Typ 



Typ 


Input Voltage 

4 

1,6 

Vl 

-8.5 


-40 

-9.0 

- 

-35 

Vdc 

(Ta=T|ow® to Thigh ® lL= 1 - 0 mA) 











Output Voltage Range (II = 1-0 mA) 

4 

- 

Vo 

mm 



ES 

- 


Vdc 

Reference Voltage (Pin 1 to Ground) 

4 

- 

Vref 

m^Q 

- 3.5 



-3.5 

ES 

Vdc 

Minimum Input-Output Voltage Differential 

D 



B 

1.5 


B 

1.5 


Vdc 

(Rsc “ 0) 

■ 



B 


Hi 

B 


Bi 


Bias Current (Standby Current) 

4 

- 

'IB 

- 

7.0 

11 

- 

7.0 

14 

mAdc 

(![_ = 1.0 mAdc, l|B ” l| ~ II) 











Output Noise 

4 

- 

VN 

- 

120 

- 

- 

120 

- 

pV(rms) 

(Cn = 0.1 jiF, f = 10 Hz to 5.0 MHz) 











Temperature Coefficient of Output Voltage 

4 

3 

AVq/AT 

- 

± 0.002 

- 

- 

±0.002 

- 

%/°C 

Operating Load Current Range 

B 


'lr 







mAdc 

(R$c = 0.3 ohm) R Package 

B 



1.0 


500 

1.0 


500 


(Rjc = 2.0 ohms) G Package 

B 

n 


1.0 


200 

1.0 


200 


Input Regulation (Vj^ = 1.0 V rms, f = 1.0 kHz) 

4 

4 

Regiine 

- 

0.002 

0.015 

- 

0.003 

0.030 

%/Vo 

Load Regulation 

6 

5 

Regioad 

B 







(Tj = Constant [1.0 mA^lL^20 mA]) 





0.4 

1.6 

- 

0.7 

2.4 

mV 

(Tc = +25°C [1.0 mA^I|_<50 mA]) R Package 




B 

0.005 

0.05 

- 

0.005 

0.05 

% 

G Package 




B 

0.01 

0.13 

- 

0.01 

0.13 


Output Impedance (f = 1.0 kHz) 

7 

- 

zo 

- 

20 

- 

- 

35 

- 

milliohms 

Shutdown Current 

8 

— 

Isd 


7.0 

15 


14 

50 

pAdc 

(V) = -35 Vdc) 












0 T|oyy ” 0°C for MC1463 ® T^igh = +70°C for MC1463 Heat sink required for Thigh testing of "G" package. 

- -55°C for MC1563 = +125°C for MC1563 
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Note 1 ''Minimum Input Voltage" is the minimum "total instanta¬ 
neous input voltage" required to properly bias the internal 
zener reference diode 


Note 2 


Note 3 


This parameter states that the MC1563/MC1463 will regu¬ 
late properly with the input-output voltage differential 
|V| — VqI as low as 2.7 Vdc and 3.0 Vdc respectively. 
Typical units will regulate properly with |V| — Vq| as low 
as 1 5 Vdc as shown in the typical column 


"Temperature Coefficient of Output Voltage" is defined 
as' 


£i\/0/AT = 


± (Vq max - Vq min) (100) 
A Ta (Vo@Ta = -t25°C) 


where ATa = +180°C for the MC1563 
+75°C for the MC1463 


The output-voltage adjusting resistors (Ra and Rg) must 
have matched temperature characteristics in order to main¬ 
tain a constant ratio independent of temperature 


Note 4. Input regulation is the percentage change in output voltage 
per volt change in the input voltage and is expressed as 


Input Regulation =- 100 (%/Vo). 

Vq (V|) 

where Vq is the change in the output voltage Vg for the 
input change V|g. 

The following example illustrates how to compute maxi¬ 
mum output voltage change for Jhe conditions given: 

Regin = 0.015%/Vo 
Vq = 10 Vdc 
V|n = 1.0 V(rms) 

w-- (R«9line)<V|) (Vq) 

° 100 
_ (0.015)(1.0)(10) 

100 

= 0.0015 V(rms) 

Note 5. Temperature drift effect must be taken into account 
separately for conditions of high junction temperature 
changes due to the thermal feedback that exists on the 
monolithic chip. 

^^0^= 1.0 mAl' ''Olj, =50mA| 

Load Regulation =-*- - - x 100 

''0||l = i,o mA| 

Notes. Not to exceed maximum package power dissipation. 


TEST CIRCUITS 

(ll_ = 100 mAdc, Tc = +25°C unless otherwise noted.) 



FIGURE 4 - GENERAL TEST CIRCUIT FIGURE 5 - LOAD TRANSIENT RESPONSE 



FIGURE 6 - LOAD REGULATION 


FIGURE 7 - OUTPUT IMPEDANCE 




FIGURE 8 - SHUTDOWN CURRENT 
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GENERAL DESIGN INFORMATION 

1 . Output Voltage, Vq 

a) Output Voltage is set by resistors Ra and Rg (see Figure 9). 
Set Rg = 6 8 k ohms and determine Ra from the graph of 
Figure 11 or from the equation: 

(2 lVo|-7) kn 

bl Output voltage can be varied by making Ra adiustable as 
shown in Figures 9 and 10. 

cl Output voltage.Vo, IS determined by the ratio of Ra and Rg 
therefore optimum temperature performance can be achieved 
if Ra and Rg have the same temperature coefficient. 

d) Vq = Vref (1 + ^A); therefore the tolerance on 

Rb 

output voltage is determined by the tolerance of V^ef and 
Ra and Rg. 

2. Short-Circuit Current, Igc 

Short-Circuit Current, Igc 'S determined by Rjc- Rsc niay 
be chosen with the aid of Figure 11 when using the typical 
circuit connection of Figure 9. 

3. Compensation, C^ 

A 0.001 mF capacitor (C^, see Figure 9), will provide 
adequate compensation in most applications, with or without 
current boost. Smaller values of C^ will reduce stability and 
larger values of Cq will degrade pulse response and output 
impedance versus frequency. The physical location of Cg 
should be close to the MC1563/MC1463 with short lead 
lengths. 

4. Noise Filter Capacitor, Cp 

A 0.1 mF capacitor, Cn, from Pin 3 to ground will typically 
reduce the output noise voltage to 120MV(rms). The value 
of Cp can be increased or decreased, depending on the noise 
voltage requirements of a particular application. A minimum 
value of 0.001 pF is recommended. 

5. Output Capacitor, Cg 

The value of Cg should be at least lOjiF in order to provide 
good stability. 

6 . Shutdown Control 

One method of turning"OFF'' the regulator is to draw 1 mA 
from Pin 2 (See Figure 8). This control can be used to 
eliminate power consumption by circuit loads which can be 
put in "standby" mode. Examples include, an ac or dc 
"squelch" control for communications circuits, and a dissi¬ 
pation control to protect the regulator under sustained out¬ 
put short-circuiting. As the magnitude of the input-threshold 
voltage at Pin 2 depends directly upon the junction temper¬ 
ature of the integrated circuit chip, a fixed dc voltage at Pin 2 
will cause automatic shutdown for high junction temper¬ 
atures. This will protect the chip, independent of the heat 
sinking used, the ambient temperature, or the input or out¬ 
put voltage levels. Standard Logic levels of MRTL, MDTL* 
or MTTL* can also be used to turn the regulator "ON" or 
"OFF". 

7. Remote Sensing 

The connection to Pin 8 can be made with a separate lead 
direct to the load. Thus, "remote sensing" can be achieved 
and the effect of undesired impedances (including that of 
the milliammeter used to measure II) on Zg can be greatly 
reduced. 


FIGURE 9 - TYPICAL CIRCUIT CONNECTION 




0 -5 0 -10 -15 -20 -25 -30 -35 

Vq, OUTPUT VOLTAGE IVOLTS) 



0 10 20 30 40 50 

Rsc, external current-limiting resistor (OHMS) 
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Unless otherwise noted; 


TYPICAL CHARACTERISTICS 

Cn = 0.1 fiF,Cc = 0.001 mF, Co = 10/iF,Tc = +25OC, 

^1 (nom) ““15 Vdc, Vo(nom) “ ”10 Vdc, 11_ = 100 mAdc. 


FIGURE 12 - TEMPERATURE DEPENDENCE 
OF SHORT-CIRCUIT LOAD CURRENT 


FIGURE 13 - FREOUENCY DEPENDENCE 
OF OUTPUT IMPEDANCE 




FIGURE 14 - DEPENDENCE OF OUTPUT 
IMPEDANCE ON OUTPUT VOLTAGE 
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0 -10 -20 -30 -40 



0 30 60 90 12 15 


V'o, OUTPUT VOLTAGE (VOLTS) 


Rsc CURRENT LIMITING RESISTOR (OHMS) 



FIGURE 16 - CURRENT LIMITING CHARACTERISTICS 
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TYPICAL CHARACTERISTICS (continued) 




0 -5 0 -10 -15 -20 -25 -30 -35 -40 


Vin, INPUT VOLTAGE (Vdc) 


FIGURE 18 - EFFECTS OF LOAD CURRENT 
ON INPUT-OUTPUT VOLTAGE DIFFERENTIAL 



0 100 200 300 400 600 


IL, load current (mAdc) 


FIGURE 19 - EFFECT OF INPUT-OUTPUT VOLTAGE 
DIFFERENTIAL ON INPUT REGULATION 



0 5 0 10 15 20 25 30 35 40 


|V| - VqI, input-output voltage differential (VOLTS) 



lOOWQiv 


FIGURE 21 - LOAD TRANSIENT RESPONSE 


FIGURE 22 - DC OPERATING AREA 
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OPERATION AND APPLICATIONS 

This section describes the operation and design of the MCI563 (MC1463) negative voltage regulator and also 
provides information on useful applications. 

SUBJECT SEQUENCE INDEX 


Specification Pg. No. Specification Pg. No. 


Theory of Operation 

7 

Remote Sensing 

12 

NPN Current Boosting 

9 

An Adjustable Zero-Temperature-Coefficient 

13 

PNP Current Boosting 

10 

Voltage Source 


Positive and Negative Power .Supplies 

11 

Thermal Shutdown 

13 

Shutdown Techniques 

11 

Thermal Considerations 

13 

Voltage Boosting 

12 

PC Board Layout and Information 

15 


THEORY OF OPERATION 

The usual series voltage regulator shown in Figure 23, 
consists of a reference voltage, an error amplifier, and a 
series control element. The error amplifier compares the 
output voltage with the reference voltage and adjusts the 
output accordingly until the error is essentially zero. For 
applications requiring output voltages larger than the refer¬ 
ence, there are two options. The first is to use a resistive 
divider across the output and compare only a fraction of 
the output voltage to the reference. This approach suffers 
from reduced feedback to the error amplifier due to the 
attenuation of the resistive divider. This degrades load 
regulation especially at high voltage levels. 

The alternative is to eliminate the resistive divider and 
to shift the reference voltage instead. To accomplish this, 
another amplifier is employed to amplify (or level shift) 
the reference voltage using an operational amplifier as 
shown in Figure 24. The gain-determining resistors may 
be external, enabling a wide range of output voltages. This 


is exactly the same approach used in the first option. That 
is, the output is being resistively divided to match the 
reference voltage. There is however, one big difference in 
that the output of this “regulator” is driving the input of 
another regulator (the error amplifier). The output of the 
reference amplifier has a relatively low impedance as com¬ 
pared to the input impedance of the error amplifier. 
Changes in the load of the output of the error amplifier 
are buffered to the extent that they have virtually no effect 
on the reference amplifier. If the feedback resistors are 
external (as they are on the MCI563) a wide range of 
reference voltages can be established. 

The error amplifier can now be operated at unity gain 
to provide excellent regulation. In fact, this “regulator- 
within-a-regulator” concept permits the load regulation to 
be specified in terms of output impedance rather than as 
some percentage change of the output voltage. This ap¬ 
proach was used in the design of the MCI563 negative 
voltage regulator. 




FIGURE 23 — Series Voltage Regulator 
Circuit diagrams utilizing Motorola products are included as a means 
of Illustrating typical semiconductor applications, consequently, 
complete information sufficient for construction purposes is not 
necessarily given. The information has been carefully checked and is 


FIGURE 24 — The "Regulator-Within-A-Regulator" Approach 

believed to be entirely reliable. However, no responsibility is 
assumed for inaccuracies Furthermore, such information does not 
convey to the purchaser of the semiconductor devices described any 
license under the patent rights of Motorola Inc. or others. 


(MC1563 - Pg. 7) 
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FIGURE 25 

(Recommended External Circuitry is Depicted With Dotted Lines.) 



MCI563 (MCI463) Operation 

Figure 25 shows the MC1563 (MC1463) Negative Reg¬ 
ulator block diagram, simplified schematic, and complete 
schematic. The four basic sections of the regulator are: 
Control, Bias, DC Level Shift, and Output (unity gain) 
Regulator. Each section is detailed in the following para¬ 
graphs. 

Control 

The control section involves two basic functions, start¬ 
up and shutdown. A start-up function is required since 
the biasing is essentially independent of the unregulated 


input voltage. It makes use of two zener diodes having 
the same breakdown voltage. A first or auxiliary zener is 
driven directly from the input voltage line through a 
resistor (60 kf2) and permits the regulator to initially 
achieve the desired bias conditions. This permits the 
second, or reference zener to be driven from a current 
source. Wlien the reference zener enters breakdown, the 
auxiliary zener is isolated from the rest of the regulator 
circuitry by a diode disconnect technique. This is necessary 
to keep the added noise and ripple of the auxiliary zener 
from degrading the performance of the regulator. 


(MC1563 - Pg. 8) 
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The shutdown control, in effect, consists of a PNP tran¬ 
sistor across the reference zener diode. When this transistor 
is turned “ON”, via Pin 2, the reference voltage is reduced to 
essentially zero volts and the regulator is forced to shut¬ 
down. During shutdown the current drain of the com¬ 
plete IC regulator drops to Vin/60 kf2 or 500 /iA for a 
-30 V input. 

Bias 

A zener diode is the main reference element and forms 
the heart of the bias circuitry. Its positive temperature 
coefficient is balanced by the negative temperature co¬ 
efficients of forward biased diodes in a ratio determined 
by the resistors in the diode string. The result is a refer¬ 
ence voltage of approximately -3.5 Vdc with a typical 
temperature coefficient of 0.002%/°C. In addition, this 
circuit also provides a reference current which is used to 
bias all current sources in the remaining regulator circuitry. 

DC Level Shift 

The reference voltage is used as the input to a Darlington 
differential amplifier. The gain of this amplifier is quite 
high and it therefore may be considered to function as a 
conventional operational amplifier. Consequently, negative 
feedback can be employed using two external resistors (Ra 
and Rb) to set the closed-loop gain and to boost the refer¬ 
ence voltage to the desired output voltage. A capacitor, 
Cn, is introduced externally into the level shift network 
(via Pin 3) to stabilize the amplifier and to filter the zener 
noise. The recommended value for this capacitor is 0.1 iiF 
and should have a voltage rating in excess of the desired 
output voltage. Smaller capacitors (0.001 /aF minimum) 
may be used but will cause a slight increase in output 
noise. Larger values of Cn will reduce the noise as well as 
delay the start-up of the regulator. 

Output Regulator 

The output of the shift amplifier is fed internally to the 
noninverting input of the output error amplifier. The 



FIGURE 26 — Typical NPN Current Boost Connection 


inverting input to this amplifier is the Output Sense con¬ 
nection (Pin 8) of the regulator. A Darlington connected 
NPN power transistor is used to handle the load current. 
The short-circuit current limiting resistor, Rj^, is con¬ 
nected in the emitter of this transistor to sample the full 
load current. This connection enables a four-diode string 
to limit the drive current to the power transistors in a 
conventional manner. 

Stability and Compensation 

As has been seen, the MCI563 employs two amplifiers, 
each using negative feedback. This implies the possibility 
of frequency instability due to excessive phase shift at high 
frequencies. Since the error amplifier is normally used at 
unity gain (the worst case for stability) a high impedance 
node is brought out for compensation. For normal oper¬ 
ation, a capacitor is connected between this point (Pin 7) 
and Pin 5. The recommended value of 0.001 /uF will insure 
stability and still provide acceptable transient response 
(see Figure 21). It is also necessary to use an output ca¬ 
pacitor, Co, (typically 10 /uF) directly from the output (Pin 
6) to ground. Wlien an external transistor is used to boost 
the current, Cq = 100 /uF is recommended (see Figure 26). 

NPN CURRENT BOOSTING 

For applications requiring more than 500 mA of load 
current, or for minimizing voltage variations due to tem¬ 
perature changes in the IC regulator arising from changes 
of the internal power dissipation, the NPN current-boost 
circuits of Figure 2 or 26, are recommended. The circuit 
shown in Figure 26 can supply up to approximately 4.0 
amperes (subject to safe area limitations). At higher cur¬ 
rents the Vbe of the pass transistor may itself exceed the 
threshold of the current limit even for Rjc = 0. Figure 2 
illustrates the use of an additional external diode from Pin 
4 for higher current operation or for pass transistors ex¬ 
hibiting higher VgE’s. It will probably be necessary to 
determine Rsc experimentally for each case where a pass 
transistor is used because Vbe varies from device to device. 
The circuit of Figure 26 when set up for a -10 V output 



FIGURE 27 — Ijc versus R^^ (reference Figure 26) 


(MC1563 - Pg. 9) 
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(Ra = 13 kJ2) supply and operating with a - 15 V input, 
with a Rsc of 0.1 D,, will yield a change in output voltage 
of only 26 mV over a load current range of from 1 mA 
to 3.5 A. This corresponds to a dc output impedance 
of only 7.5 milhohms or a percentage load regulation of 
0.26% for a full 3.5-ampere load current change. Figure 27 
indicates how the short circuit current varies with the value 
of Rsc for this circuit. 

PNP CURRENT BOOSTING 

A PNP power transistor can also be used to boost the 
load current capabilities. To improve the efficiency of the 
PNP boost configuration, particularly for small output 
voltages, the circuit of Figure 28, is recommended. An 
auxiliary -9 volt supply is used to power the IC regulator 
and the heavy load current is obtained from a second supply 
of lower voltage. For the 10-ampere regulator of Figure 


28 this represents a savings of 22 watts when compared 
with operating the regulator from the single -9 V supply. 
It can supply current to 10 amperes while requiring an 
input voltage to the collector of the pass transistor of-6.8 
volts minimum. The pass transistor is limited to 10 amperes 
by the added short-circuit current network in its emitter 
(Rsc2) 3nd the 1C regulator is limited to 500 mA m the 
conventional manner (Rscl)- The MJ450 exhibits a min¬ 
imum hpE of 20 at 10 amperes, thus requiring only 500 
mA from the MC1563R. Regulation of this circuit is com¬ 
parable to that of the NPN boost configuration. 

For higher output voltages the additional unregulated 
power supply is not required. The collector of the PNP 
boost transistor can tie directly to Pin 5 and the internal 
current limit circuit will provide short-circuit protection 
using Rsc (see Figure 11). Transistor Q2 and Rsc2 will 
not be required and Pin 2 should be returned to ground. 


(Iq '''SS400 mA max) 



FIGURE 29 — A ±15 Vdc Complementary Tracking Regulator With Auxiliary +5.0 V Supply 


(MC1563 - Pg. 10) ' 
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POSITIVE AND NEGATIVE POWER SUPPLIES 

If the MCI563 is driven from a floating source it is 
possible to use it as a positive regulator by grounding the 
negative output terminal. The MC1563 may also be used 
with the MCI569 to provide completely independent 
positive and negative power regulators with comparable 
performance. When used in this manner a silicon diode 
such as the 1N4001 must be connected as a clamp on the 
output with the cathode to ground and the anode to the 
negative output voltage. This is to prevent the positive 
voltage in the system from forcing the output to a positive 
value and preventing the MCI563 from starting up. 

Some applications may require complementary tracking 
in which both supplies arrive at the voltage level simulta¬ 
neously, and variations in the magnitudes of the two volt¬ 
ages track. Figures 3 and 29 illustrate this approach. In 
this application, the MCI563 is used as the reference regu¬ 
lator, establishing the negative output voltage. The MCI 569 
positive regulator is used in a tracking mode by grounding 
one side of the differential amplifier (Pin 6 of the MC1569) 
and using the other side (Pin 5 of the MCI569) to sense 
the voltage developed at the junction of the two 3 k-ohm 
resistors. This differential amplifier controls the MCI569 
series pass transistor such that the voltage at Pin 5 will be 
zero. When the voltage at pin 5 equals zero, +1 VqI must 
equal - |Vo|. 

For the configuration shown in Figure 29, the level 
shift amplifier in the MCI 569 is employed to generate an 
auxiliary +5-volt supply which is boosted to a 2-ampere 
capability by Q1 and Q2. (The +5-volt supply, as shown. 


is not short-circuit protected.) The -15-volt supply varies 
less than 0.1 mV over a zero to -300 mAdc current range 
and the + 15-volt supply tracks this variation. The -H5-volt 
supply varies 20 mV over the zero to +300-mAdc load 
current range. The ■t5-volt supply varies less than 5 mV 
for 0 < II ^ 200 mA with the other two voltages remain¬ 
ing unchanged. See MC1561 data sheet or MC1569 data 
sheet for information concerning latch-up when using plus 
and minus regulations. 

SHUTDOWN TECHNIQUES 

Pin 2 of the MCI563 is provided for the express pur¬ 
pose of shutting the regulator “OFF”. Referring to the 
schematic, it can be seen that pin 2 goes to the base of a 
PNP transistor, which, if turned “ON”, will deny current 
to all the biasing current sources. This action causes the 
output to go to essentially zero volts and the only current 
drawn by the 1C regulator will be the small start current 
through the 60 k-ohm start resistor (V|n/60 kf2). This 
feature provides additional versatility in the applications 
of the MCI563. Various sub-systems may be placed in a 
“standby” mode to conserve power until actually needed. 
Or the power may be turned “OFF” in response to other 
occurrences such as over-heating, over-voltage, shorted 
output, etc. 

As an illustration of the first case, consider a system 
consisting of both positive-supply logic (MTTL) and 
negative-supply logic (MECL). The MECL logic may be 
used in a high-speed arithmetic processor whose services 
are not continuously required. Substantial power may 


FIGURE 31 - MECL Logic 
Level Shutdown Circuit 



(MC1563 - Pg. 11) 
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thus be conserved if the MECL circuitry remains un¬ 
powered except when needed. The negative regulator can 
be shutdown using any of the standard logic swings. For 
saturated logic control, Figure 30 shows a circuit that allows 
the normal positive output swing to cause the regulator 
to shutdown when the logic output is in the low voltage 
state. The negative output levels of a MECL gate can also 
be used for shutdown control as shown in Figure 31. 

VOLTAGE BOOSTING 

Some applications may require a high output voltage 
which may exceed the voltage rating of the MCI563. This 
must be solved by assuring that the 1C regulator is operated 
within its limits. Three points in the regulator need to 
be considered: 

1. The input voltage (Pin 4), 

2. the output voltage (Pin 6) and, 

3. the output sense lead (Pin 8). 


A reduced input voltage can be provided by using a separate 
supply. The output voltage maybe zener-level shifted, and 
the sense line can tie to a portion of the output voltage 
through a resistive divider. The voltage boost circuit of 
Figure 32 uses this approach to provide a -90 volt supply. 
Tills circuit will exhibit regulation of0.001%over a 100mA 
load current range. 

REMOTE SENSING 

The MCI563 offers a remote sensing capability. This 
is important when the load is remote from the regulator, 
as the resistances of the interconnecting lines (VgE and 
GND) are added directly to the output impedance of the 
regulator. By remote sensing, this resistance is included 
inside the control loop of the regulator and is essentially 
eliminated. Figure 33 shows how remote sensing is accom¬ 
plished using both a separate sense line from Pin 8 and a 
separate ground line from the regulator to the remote load. 



<MC1563 - Pg. 12) 
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FIGURE 34 — An Adjustable "Zero-TC" Voltage Source 


AN ADJUSTABLE ZERO-TEMPERATURE- 
COEFFICIENT (0-TC) VOLTAGE REFERENCE 
SOURCE 

Tlie MCI563, when used in conjunction with low-TC 
resistors, makes an excellent reference-voltage generator. 
If the -3.5 volt reference voltage of the 1C regulator is a 
satisfactory value, then Pins 1 and 9 can be tied together 
and no resistors are needed. This will provide a voltage 
reference having a typical temperature coefficient of 
0 002%/°C. By adding two resistors, Ra and Rb, any 
voltage between -3.5 Vdc and -37 Vdc can be obtained 
with the same low TC (see Figure 34) 

THERMAL SHUTDOWN 

By setting a fixed voltage at Pin 2, the MCI563 chip 
can be protected against excessive junction temperatures 
caused by power dissipation in the 1C regulator. This is 
based on the negative temperature coefficient of the 
base-emitter junction of the shutdown transistor (-1.9 x 


10“^V/°C). By setting -0.61 Vdc externally, at Pin 2, the 
regulator will shutdown when the chip temperature reaches 
approximately 140°C. Figure 35 shows a circuit that uses 
a zero-TC zener diode and a resistive divider to obtain 
this voltage. 

In the case where an external pass transistor is employed; 
its temperature, rather than that of the 1C regulator, re¬ 
quires control. A technique similar to the one just dis¬ 
cussed can be used by directly monitoring the case tem¬ 
perature of the pass transistor as is indicated in Figure 36. 
The case of the normally “OFF” thermal monitoring 
transistor, Q2, should be in thermal contact with, but 
electrically isolated from, the case of the boost tran¬ 
sistor, Q1. 

THERMAL CONSIDERATIONS 

Monolithic voltage regulators are subjected to internal 
heating similar to a power transistor. Since the degree of 
internal heating is a function of the specific application. 



FIGURE 35 — Junction Temperature Limiting Shutdown Circuit 
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the designer must use caution not to exceed the specified 
maximum junction temperature (+175°C). Exceeding this 
limit will reduce reliability at an exponential rate. Good 
heatsinking not only reduces the junction temperature for 
a given power dissipation; it also tends to improve the dc 
stability of the output voltage by reducing the junction 
temperature change resulting from a change in the power 
dissipation of the 1C regulator. By using the derating factors 
or thermal resistance values given in the Maximum Ratings 
Table of this data sheet, junction temperature can be com¬ 
puted for any given application in the same manner as for 
a power transistor. A short-circuit on the output terminal 
can produce a “worst-case” thermal condition especially 
if the maximum input voltage is applied simultaneously 
with the maximum value of short-circuit load current 
(500 mA). Care should be taken not to exceed the max¬ 
imum junction temperature rating during this fault condi¬ 
tion and, in addition, the dc safe operating area limit (see 
Figure 22). 

Thermal characteristics for a voltage regulator are useful 
in predicting performance since dc load and line regulation 
are affected by changes in junction temperature. These 
temperature changes can result from either a change in 
the ambient temperature, Ta. or a change in the power 
dissipated in the 1C regulator. The effects of ambient 


temperature change on the dc output voltage can be esti¬ 
mated from the “Temperature Coefficient of Output 
Voltage” characteristic parameter shown as ±0.002%/®C, 
typical. Power dissipation is typically changed in the IC 
regulator by varying the dc load current. To estimate the 
dc change in output voltage due to a change in the dc load 
current,three effects must be considered: 

1. junction temperature change due to the change in 
the power dissipation 

2. output voltage decrease due to the finite output 
impedance of the control amplifier 

3. thermal gradient on the IC chip. 

A temperature differential does exist across a power IC 
chip and can cause a dc shift in the output voltage. A 
“gradient coefficient,” GCVq, can be used to describe this 
effect and is typically +0.03%/watt for the MC1563R. For 
an example of the relative magnitudes of these effects, 
consider the following conditions: 


Given: 

MC1563R 

with 

Vi = -10Vdc 


Vo = -5 Vdc 

and 

IL = 100 mA to 200 mA 


(A1l= 100 mA) 

assume 

Ta = +250C 


TO-66 Type Case with heatsink 



FIGURE 36 — Thermal Shutdown When Using External Pass Transistors 


(MC1563 - Pg. 14) 
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assume R^CS 0.2°C/W 
and R<9sa = 2°C/W 

It is desired to find the AVq which results from this AIl. 
Each of the three previously stated effects on Vq can now 
be separately considered. 

1. aVq due to aTj 

A Vo = (Vo) (aPd)(AVo/AT) (RflJC+R5CS+R0SA) 
OR 

A Vo = (5 V)(5Vx0.1 A)(±0.002%/oC)(19.2OC/W) 
aVo ± 1.0 mW 

2. aVo due to Zq 

|aVoI = (-Zo)(Il) 

IaVoI = -(2 X 10-2)(10-1) = -2 mV 


3. aVo due to gradient coefficient, AVo/AG 
IA Vol = (AVo/AGXVo)(APd) 

|A Vol = (+3 X 10-4/W)(5 volts)(5 x 10“ %) 

|A Vol = +0.8 mV 

Therefore the total A Vo is given by 

|A Vo totall = ± 1.0-2.0 +0.8 mV 
OR 

-2.2 mV <|Vo totall < -0.2 mV 

Other operating conditions may be substituted and com¬ 
puted in a similar manner to evaluate the relative effects 
of the parameters. 


Typical Printed Circuit Board Layout 



(MC1563 - Pg. 15) 
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FIGURE 37 — Location of Components 



Note 1: 

When Radj ‘Jssd it is necessary to remove the copper 
which shorts out Ftadj- 

Note 2: 

Extra holes are available in the circuit board to permit 
two resistors to be paralleled to obtain the desired 
value of Rjc- 

Note 3: 

If Pin 2 is used to shut down the regulator, remove the 
copper which'shorts Pin 2 to ground. 

Note 4: 

Remote sensing can be achieved by removing the copper 
which shorts Pin 8 to Pin 6 and connecting Pin 8 directly 
to the "minus" load terminal. The circuit board ground 
should be connected to the unregulated power supply 
ground at the "plus" load terminal 


Typical Circuit Connection for Output Voltages Between -3.5 and -37 Volts 



PARTS LIST 


Component 

Value 

Description 

Ra 


> 1/4 or 1/2 watt carbon 

Rb 

6.8 k 

^adj 

Select 

IRC Model X-201,Mallory Model MTC-1 
or equivalent 

Rsc 

Select 

1 /2 watt carbon 

R'l 

Select 

For minimum current of 1 mAdc 

Co 

lOpF 

Sprague 1500 Series, Dickson O10C series 
or equivalent 

Cn 

0.1 pF 

Ceramic Disc — Centralab DDA104, or equivalent 

Cc 

0.001 pF 

Sprague TG-P10, or equivalent 

J1 


Jumper 

Q1 


MC1563R or MC1463R 

*HS 


Heatsink Thermalloy #6168B or equivalent 

*Socket 

(Not Shown! 

Robinson Nugent #0001306 or equivalent 

Electronic Molding Corp. #6341-210-1, 

6348-188-1, 6349-188-1 or equivalent 

PC Board 


Circuit DOT, Inc. #PC1113 or equivalent 

1155 W. 23rd St. 

Tempe, Arizona 85281 
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Specifications and Applications Information 


MONOLITHIC VOLTAGE AND 
CURRENT REGULATOR 

This unique "floating" regulator can deliver hundreds of volts — 
limited only by the breakdown voltage of the external series pass tran¬ 
sistor. Output voltage and output current are adjustable. The MC1466/ 
MC1566 integrated circuit voltage and current regulator is designed to 
give "laboratory" power-supply performance. 


• Voltage/Current Regulation with Automatic Crossover 

• Excellent Line Voltage Regulation, 0.01% +1.0 mV 

• Excellent Load Voltage Regulation, 0 01% +1.0 mV 

• Excellent Current Regulation, 0.1% +1.0 mA 

• Short-Circuit Protection 

• Output Voltage Adjustable to Zero Volts 

• Internal Reference Voltage 

• Adjustable Internal Current Source 


TYPICAL APPLICATIONS 


PRECISION WIDE-RANGE 
VOLTAGE and 
CURRENT REGULATOR 

EPITAXIAL PASSIVATED 
INTEGRATED CIRCUIT 


CERAIVIIC PACKAGE 

CASE 632 iWSt 

TO-116 


ORDERING INFORMATION 


Device Temperature Range 


MC1466L 0°C to +70° C Ceramic DIP 

IV1C1566L -55°C to+125°C Ceramic DIP 
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MAXIMUM RATINGS (T/^ = +25° unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Auxiliary Voltage 

'/aux 


Vdc 

MCI466 


30 


MCI 566 


35 


Power Dissipation (Package Limitation) 

Pd 

750 

mW 

Derate above = +50°C 


6.0 

m\N/°C 

Operating Temperature Range 

Ta 



MCI 466 


0 to +70 


MC1566 


-55 to +125 


Storage Temperature Range 

Tstg 

—65 to +150 

°C 


ELECTRICAL CHARACTERISTICS (T^ = +250C, = +25 Vdc unless otherwise noted) 



4 
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NOTE 1. 

The instantaneous input voltage, Vaux- tnust not exceed 
the maximum value of 30 volts for the MC1466 or 35 
volts for the MCI566 The instantaneous value of Vggx 
must be greater than 20 volts for the MC1566 or 21 
volts for the MC1466 for proper internal regulation 
NOTE 2 

The auxiliary supply voltage Vaux> rnust "float ” and be 
electrically isolated from the unregulated high voltage 
supply, V|n. 

NOTE 3. 

Reference current may be set to any value of current 
less than 1 2 mAdc by applying the relationship 
8 55 

NOTE 4 

A built-in offset voltage (15 mVdc nominal) is provided 
so that the power supply output voltage or current may 
be adjusted to zero 
NOTE 5 

Load Voltage Regulation is a function of two additive 
components, AV|q^, and AVr 0 f, where AV|Qy is the 
change in input offset voltage (measured between pins 8 
and 9) and AV^ef is the change in voltage across R2 
(measured between pin 8 and ground). Each component 
may be measured separately or the sum may be 
measured across the load. The measurement procedure 
for the test circuit shown is 

a. With SI open (I 4 = 0) measure the value of V|ov (1) 
and Vref ( 1 ) 

b. Close SI, adjust R4 so that I 4 = 500 jzA and note 
V|ov (2) and Vref (2)- 

Then AV|ov = V|ov (1) - V.qv (2) 

% Reference Regulation = 

[Vref (11-Vref (2)1 - 


Load Voltage Regulation = 

(100%) + AV|ov • 

Vref 

NOTE 6 - 

Line Voltage Regulation is a function of the same two 
additive components as Load Voltage Regulation, AV|ov 
and AVref (see note 5) The measurement procedure is 
a. Set the auxiliary voltage, Vg^x' volts for 

the MC1566 or the MC1466. Read the value of 
Viov ( 1 ) and Vref (D- 


b. Change the V- 


to 28 volts for the MC1566 or 


the MC1466 and note the value of Vjq^ ( 2 ) and 
Vref(2)- Then compute Line Voltage Regulation; 

AV|ov = ^V|ov (1) ~ V|ov (2) 

% Reference Regulation = 

‘Vref (1)-Vref (2)1 ,i00%)= ^ (100%) 

Vref(l) Vref 

Line Voltage Regulation = 

^V ref 

-(100%) -t AV,ov • 

Vref 

NOTE 7 

Load Current Regulation is measured by the following 
procedure 

a. With S2 open, adjust R3 for an initial load current, 
ILCI), such that Vq is 8.0 Vdc. 
b With S2 closed, adjust Rt *or Vq = 1 0 Vdc and read 
*L(2) Then Load Current Regulation = 

( 100 %) + lref 

where Iref is 1 0 mAdc, Load Current Regulation is 
specified in this manner because Iref passes through 
the load in a direction opposite that of load current 
and does not pass through the current sense re¬ 
sistor, Rs 

















IV1C1466L, MC1566L 


FIGURE 6 - TYPICAL CIRCUIT CONNECTION 




NORMAL DESIGN PROCEDURE AND DESIGN CONSIDERATIONS 


1. Constant Voltage: 

For constant voltage operation, output voltage Vq is given by 
Vo = (Iref) <R 2 > 

where R2 is the resistance from pin 8 to ground and Iref is the 
output current of pm 3. 

The recommended value of Iref'is 1-0 mAdc Resistor R1 sets 
the value of Iref: 


where R1 is the resistance between pins 2 and 12. 

2. Constant Current: 

For constant current operation; 

(a) Select Rj for a 250 mV drop at the maximum desired regu¬ 
lated output current, I max- 

lb) Adjust potentiometer R3 to set constant current output at 
desired value between zero and Imax- 

3. If Vjn isgreater than 20 Vdc, CR2, CR3, and CR4 are necessary 
to protect the MCI 466/l\/IC1566during short-circuit or transient 
conditions. 

4. In applications where very low output noise is desired, R2 may 
be bypassed with C1 (0.1 fjF to2.0/iF). When R2 is bypassed. 
CR1 is necessary for protection during short-circuit conditions. 

5. CR5 is recommended to protect the MCI 466/MCI 566 from 
simultaneous pass transistor failure and output short-circuit. 


6 . The RC network (10 pF, 240 pF, 1.2 k ohms) is used for 
compensation The values shown are valid for all applications 
However, the 10 pF capacitor may be omitted if fj. of Q1 and 
Q2 IS greater than 0.5 MHz. 

7. For remote sense applications, the positive voltage sense termi¬ 
nal (pin 9) IS connected to the positive load terminal through a 
separate sense lead; and the negative sense terminal (the ground 
side of R2) is connected to the negative load terminal through 
a separate sense lead. 

8 . Co may be selected by using the relationship- 

Cq = (100 *iF) lL(max)> where iL(max) If’® maximum load 
current in amperes 

9. C2 is necessary for the internal compensation of the MCI466/ 
MCI 566. 


10 . 


For optimum regulation, current out of pin 5, 1 5 , should not 
exceed 0.5 mAdc. Therefore select Q1 and Q2 such that: 

*max ^ 

al?2 ^ 

where: Imax " maximum short-circuit load current (mAdc) 

(31 = minimum beta of Q1 
(32 = minimum beta of Q2 


Although Pin 5 will source up to 1.5 mAdc, I 5 > 0.5 mAdc 
will result in a degradation in regulation. 


CR 6 is recommended when Vo>150 Vdc and should be rated 
such that Peak Inverse Voltage^ Vq. 


12. In applications where R2 might be rapidly reduced in value, it 
is recommended that CR3 be replaced by Q2 and R4. 



This design consideration prevents R2 from being destroyed 
by excessive discharge current from Cq- Components Q2 and 
R4 should be selected such that: 

R4=-^ and 

BVQgo ^ Vq 
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OPERATION AND APPLICATIONS 

This section describes the operation and design of the MC1566/MC1466 voltage and current regulator and also provides 
information on useful applications. 


SUBJECT SEQUENCE 


Theory of Operation 
Applications 
Transient Failures 
Voltage/Current-Mode Indicator 


THEORY OF OPERATION 

The schematic of Figure 5 can be simplified by break¬ 
ing It down into basic functions, beginning with a simplified 
version of the voltage reference, Figure 7. Zener diodes 
CRl and CR5 with their associated forward biased diodes 
CR2 through CR4 and CR 6 through CR 8 form the stable 
reference needed to balance the differential amplifier. At 
balance (Vbi = Vb 2 ). ^he output voltage, (V 12 - V 7 ), 
is at a value that is twice the drop across either of the two 
diode strings: V 12 - V 7 = 2 (VcRl + VcR2 + YcR3 + 
VcR 4 )- Other voltages, temperature compensated or other¬ 
wise, are also derived from these diodes strings for use in 
other parts of the circuit. 

The voltage controlled current source (Figure 8 ) is a 
PNP-NPN composite which, due to the high NPN beta, 


FIGURE 7 - REFERENCE VOLTAGE REGULATOR 



yields a good working PNP from a lateral device working 
at a collector current of only a few microamperes. Its base 
voltage (VB 2 ) is derived from a temperature compensated 
portion of the diode string and consequently the overall 
current is dependent on the value of emitter resistor Rl. 
Temperature compensation of the base emitter junction 
of Q3 is not important because approximately 9 volts 
exists between Vb 2 and V 12 , making the AVbe’s very 
small in percentage. Circuit reference voltage is derived 
from the product of Ir and Rr; if Ir is set at 1 mA 
(Rl = 8.5 kn), then Rr (in kf2) = Vq. Other values of 
current may be used as long as the following restraints are 
kept in mind: 1 ) package dissipation will be increased by 
about 11 mW/m A and 2) bias current for the voltage control 
amplifier is 3 (lA, temperature dependent, and is extracted 
from the reference current. The reference current should 


FIGURE 8 - VOLTAGE CONTROLLED CURRENT SOURCE 



4-71 








MC1466L, MC1566L 


be at least two orders of magnitude above the largest ex¬ 
pected bias current. 

Loop amplification in the constant voltage mode is 
supplied by the voltage controlled amplifier (Figure 9), a 
standard high-gain differential amplifier. The inputs are 
diode-protected against differential overvoltages and an 
emitter degenerating resistor, RqS. has been added to one 
of the transistors. For an emitter current in both Q5 and 
Q6 of 1/2 milliampere there will exist a preset offset volt¬ 
age in this differential amplifier of 15 mV to insure that 
the output voltage will be zero when the reference voltage 
is zero. Without RqSi the output voltage could be a few 
millivolts above zero due to the inherent offset. Since the 
load resistor is so large in this stage compared with the 
load (Q9) it will be more instructive to look at the gain on 
a transconductance basis rather than voltage gain. Trans¬ 
conductance of the differential stage is defined for small 
signals as; 


1 


(I) 


where 


0.026 , 
fp as-and 

lE 

Rg = added emitter degenerating resistance. 


For Ie = 0.5 mA, 


1 


gm “ 


104-t 30 


1 

— = 7.5 mA/volt. 


( 2 ) 



FIGURE 10 - CURRENT CONTROL CIRCUIT 



This level is further boosted by the output stage such that 
in the constant voltage mode overall transconductance is 
about 300 mA/volt. 

A second differential stage nearly identical to the first 
stage, serves as the current control amplifier (Figure 10). 
The gain of this stage insures a rapid crossover from the 
constant voltage to constant current modes and provides 
a convenient point to control the maximum deliverable 
load current. In use, a reference voltage derived from the 
preregulator and a voltage divider is applied to pin 10 
while the output current is sampled across Rs by pin 11. 
When 1 l Rs is 15 mV below the reference value, voltage 
Vi begins to rapidly rise, eventually gaining complete 
control of Q9 and limiting output current to a value of 
V2/RS- If V2 is derived from a variable source, short 
circuit current may be controlled over the complete out¬ 
put current capability of the regulator. Since the constant- 
voltage to constant-current change-over requires only a few 
millivolts the voltage regulation maintains its quality to 
the current limit and accordingly shows a very sharp 
“knee” (1% -U mA, Figure 11). Note that the regulator 
can switch back into the constant voltage mode if the 
output voltage reaches a value greater than Vr. Operation 
through zero milliamperes is guaranteed by the inclusion 
of another emitter offsetting resistor. 

FIGURE 11 - V| CURVE FOR 0-TO-40V, 
0.5-AIVIPERE REGULATOR 


LU 

a 

< 

h 

_l 

O 
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> 
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20 -- 

10 -- 
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Transistor Q9 and five diodes comprise the essential 
parts of the output stage (Figure 12). The diodes perform 
an “OR” function which allows only one mode of operation 
at a time - constant current or constant voltage. However, 
an additional stage (Q9) must be included to invert the 
logic and make it compatible with the driving requirements 
of series pass transistors as well as provide additional gain. 
A 1.5 mA collector current source sets the maximum de¬ 
liverable output current and boosts the output impedance 
to that of the current source. 

Note that the negative (substrate) side of the MCI 566/ 
MCI466 is 7.25 volts lower than the output voltage, and 
the reference regulator guarantees that the positive side is 
11 volts above the output. Thus the IC remains at a voltage 
(relative to ground) solely dependent on the output, “float¬ 
ing” above and below Vq. Vqe across Q9 is only two or 
three Vbe’s depending on the number of transistors used 
in the series pass configuration. 

Performance characteristics of the regulator may be 
approximately calculated for a given circuit (Figure 2). 
Assuming that the two added transistors (Q12 and Q13) 
have minimum beta’s of 20 , then the overall regulator 
transconductance will be: 

gniT = (400)300 mA/volt = 120 A/volt. (3) 

For a change in current of 500 mA the output voltage 
will drop only. 

0.5 

AV=- =4.2 mV. (4) 

120 

FIGURE 12 - MC1566 OUTPUT STAGE 



The analysis thus far does not consider changes in Vr 
due to output current changes. If II increases by 500 mA 
the collector current of Q9 decreases by 1.25 mA, causing 
the collector current of Q5 to increase by 30 fiA. Accord¬ 
ingly, 1r will be decreased by ==0.30 iiA which will drop 
the output by 0.03%. This figure may be improved con¬ 
siderably by either using high beta devices as the pass 
transistors, or by increasing Ir. Note again, however, that 
the maximum power rating of the package must be kept 
in mind. For example if Ir = 4 mA, power dissipation is 

PD = 20 V( 8 mA) + (ll Vx3 mA)= 193 mW. (5) 

This indicates that the circuit may be safely operated up 
to 118°C using 20 volts at the auxiliary supply voltage. 
If, however, the auxiliary supply voltage is 35 volts, 

PD = 35 V(8mA)-i-26V(3mA) = 358 mW. ( 6 ) 

which dictates that the maximum operating temperature 
must be less than 91°C to keep package dissipation within 
specified limits. 

Line voltage regulation is also a function of the voltage 
change between pins 8 and 9, and the change of Vj-ef- In 
this case, however, these voltages change due to changes in 
the internal regulator’s voltages, which in turn are caused 
by changes in Vaux- Note that line voltage regulation is 
not a function of Vjn- Note also that the instantaneous 
value of Vaux must always be between 20 and 35 volts. 

Figure 6 shows six external diodes (CRj to CR 6 ) added 
for protective purposes. CRi should be used if the output 
voltage is less than 20 volts and CR 2 , CR 3 are absent. For 
Vo higher than 20 volts, CRi should be discarded in favor 
of CR 2 and CR 3 . Diode CR 4 prevents 1C failure if the 
series pass transistors develop collector-base shorts while 
the main power transistor suffers a simultaneous open emit¬ 
ter. If the possibility of such a transistor failure mode 
seems remote, CR 4 may be deleted. To prevent instant¬ 
aneous differential and common-mode breakdown of the 
current sense amplifier, CR 5 must be placed across the 
current limit resistor Rg. 

Load transients occasionally produce a damaging reversal 
of current flow from output to input Vq > 150 volts (which 
will destroy the IC). Diode CR 6 prevents such reversal 
and renders the circuit immune from destruction for such 
conditions, e.g., adding a large output capacitor after the 
supply is turned “on”. Diodes CRj, CR 2 , CR 3 , and CR 5 
may be general purpose silicon units such as 1N4001 or 
equivalent whereas CR 4 and CR 6 should have a peak inverse 
voltage rating equal to Vjn or greater. 

APPLICATIONS 

Figure 2 shows a typical O-to-40 volts, 0.5-ampere reg¬ 
ulator with better than 0.01% performance. The RC net¬ 
work between pins 5 and 6 and the capacitor between pins 
Band 14 provide frequency compensation for the MC1566/ 
MC1466. The external pass transistors are used to boost 
load current, since the output current of the regulator is 
less than 2 mA. 
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Figure 1 is a O-to-15 volts, 10-ampere regulator with the 
pass transistor configuration necessary to boost the load 
current to 10 amperes. Note that Cq has been increased to 
1000 (iF following the general rule: 

Co=100pF/A iL- 

The prime advantage of the MC1566/MC1466 is its use 
as a high voltage regulator, as shown in Figure 3. This 
O-to-250 volts 0.1-ampere regulator is typical of high volt¬ 
age applications, limited only by the breakdown and safe 
areas of the output pass transistors. 

The primary limiting factor in high voltage series regula¬ 
tors is the pass transistor. Figure 13 shows a safe area curve 
for the MJ413. Looking at Figure 3, we see that if the 
output is shorted, the transistor will have a collector cur¬ 
rent of 100 mA, with a VcE approximately equal to 260 
volts. Thus this point falls on the dc line of the safe area 
curve, insuring that the transistor will not enter secondary 
breakdown. 

In this respect (Safe Operating Area) the foldback circuit 
of Figure 14 is superior for liandling high voltages and yet 
is short-circuit protected. This is due to the fact that load 
current is diminished as output voltage drops (VcE increases 
as Vq drops) as seen in Figure 15. By careful design the 
load current at a short, Isc can be made low enough such 
that the combined Vce (Vin) and Isc still falls within the 
dc safe operating area of the transistor. For the illustrated 
design (Figure 14), an input voltage of 210 volts is compa- 



FIGURE 14 - A 200 V. 0.5-AMPERE REGULATOR WITH CURRENT FOLDBACK 
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The terms Isc and Ik correspond to the short-circuit 
current and maximum available load current as shown in 
Figure 15. 

FIGURE 15 - TYPICAL FOLDBACK PERFORMANCE 



0 'sc 200 400 'k 600 800 

Iq. output current (mAdc) 

Figure 16 shows a remote sense application which should 
be used when high current or long wire lengths are used. 
This type of wiring is recommended for any application 
where the best possible regulation is desired. Since the 
sense lines draw only a small current, large voltage drops 
do not destroy the excellent regulation of the MCI566/ ' 
MC1466. 

TRANSIENT FAILURES 

In industrial areas where electrical machinery is used 


the normal ac line often contains bursts of voltage running 
from hundreds to thousands of volts in magnitude and only 
microseconds in duration. Under some conditions this en¬ 
ergy is dissipated across the internal zener connected be¬ 
tween pins 9 and 7. This transient condition may produce 
a total failure of the regulator device without any apparent 
explanation. This type of failure is identified by absence 
of the 7-volt zener (CRl) between pin 9 and pin 7. To pre¬ 
vent this failure mode the use of a shielded power 
transformer is recommended, as shown in Figure 6. In 
addition, it is recommended that Cl, C3 and C4 be 
included to aid in transient repression. These capacitors 
should have good high frequency characteristics. 

If the possibility of transients on the output exists, the 
addition of a resistor and zener diode between pins 9 and 
7 as shown on Figure 17 should be added. 

VOLTAGE/CURRENT - MODE INDICATOR 

There may be times when it is desirable to know when 
the MCI566/MC1466 is in the constant current mode or 
constant voltage mode. A mode indicator can be easily 
added to provide this feature. Figure 18 shows how a PNP 
transistor has replaced a protection doide between pins 8 
and 9 of Figure 2. When the MC1566/MC1466 goes from 
constant voltage mode to constant current mode, Vq will 
drop below Vg and the PNP transistor will turn on. The 
1-mA current supplied by pm 8 will now be shunted to 
base of Q2 thereby turning on the indicator device II. 


FIGURE 16 - REMOTE SENSE 
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FIGURE 17 - A O-TO-250 VOLT. 0.1-AMPERE REGULATOR 



FIGURE 18 - O-TO-40 Vdc, O.B-AMPERE REGULATOR WITH MODE INDICATOR 


MPS6565 



4-7fi 









DUAL±15-V0LT REGULATOR 

The MCI 568/MCI 468 is a dual polarity tracking regulator designed 
to provide balanced positive and negative output voltages at currents 
to 100 mA. Internally, the device is set for ± 15-volt outputs but an 
external adjustment can be used to change both outputs simul¬ 
taneously from 8.0 to 20 volts. Input voltages up to ± 30 volts can 
be used and there is provision for adjustable current limiting. The 
device is available in three package types to accomodate various 
power requirements. 

• Internally set to.t15 V Tracking Outputs 

• Output Currents to 100 mA 

• Outputs Balanced to within 1% (MC1568) 

• Line and Load Regulation of 0.06% 

• 1% Maximum Output Variation due to Temperature Changes 

• Standby Current Drain of 3.0 mA 

• Externally Adjustable Current Limit 

• Remote Sensing Provisions 

• Case is at Ground Potential (R suffix package) 


DUAL±15-VOLT 
TRACKING REGULATOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 




(bottom view) 


CASE 603C 
METAL PACKAGE 
TO-100 
G SUFFIX 



©->>-©) 


(bottom view) 


CASE 614 
METAL PACKAGE 
R SUFFIX 
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MAXIMUM RATINGS (Tc =+25°c unless otherwise noted.) 

Rating 

Symbol 

Input Voltage 

VcC.I'^EeI 

Peak Load Current 

'PK 

Power Dissipation and Thermal Characteristics 

Ta = +25°C 

Derate above Ta = +25°C 

Thermal Resistance, Junction to Air 

Tc = +25°C 

Derate above Tc = +25°C 

Thermal Resistance, Junction to Case 

Pd 

1/0JA 

6 JA 

Pd 

1/0 JC 

0JC 

Storage Junction Temperature Range 

Tj.Tstg 

Minimum Short-Circuit Resistance 

Rsc(min) 



OPERATING TEMPERATURE RANGE 


Ambient Temperature 

MC1468 

Ta 

Oto -1^70 

°C 


MCI568 


-55 to +125 



ELECTRICAL CHARACTERISTICS (Vcc = +20 V, Vee =-20 V, Cl = C2= 1500 pF, C3 = C4 = 1.0 pF, Rsc = 

IL+ = IL" = 0, Tc = +2 S*^C unless otherwise noted.) (See Figure 1.) _ 

I MC1568 IVIC1468 


Characteristic Symbol* Min Typ I Max | Min 


Output Voltage _ 


Input Voltage 


Input-Output Voltage Differential 


Output Voltage Balance 


Line Regulation Voltage 
(Vjn = 18 V to 30 V) 

(T|ow®*° 1'high^_ 


Load Regulation Voltage 
(ll_ = 0 to 50 mA, Tj = constant) 
(Ta “ Tiqyv to Thigh) 


Output Voltage Range 
L Package (See Figure 4.) 

R and G Packages (See Figures 2 and 13.) 


Ripple Rejection (f = 120 Hz) 


Output Voltage Temperature Stability 
(T|ow l^highl 


Short-Circuit Current Limit 
(Rsc “10 ohms) 


Output Noise Voltage 
(BW= 100 Hz - 10 kHz) 


Positive Standby Current 
(Vin = -k30 V) 


Negative Standby Current 
(Vjn = -30 V) 


Long-Term Stability 


0 Tiow = 0°CforMC1468 0 Thigh =+70°C for MC1468 

=-55°C for MC1568 =-H25°C for MC1568 
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TYPICAL APPLICATIONS 


FIGURE 1 - BASIC 50-mA REGULATOR 



capacitor (Cm) rnay be required on the input 
lines if the device is located an appreciable 
distance from the rectifier filter capacitors 


noise voltaije At low temperature operation, it 
may be necessary to bypass C4 with a 0 1 pF 
ceramic disc capacitor 


FIGURE 2 - VOLTAGE ADJUST AND 
BALANCE ADJUST CIRCUIT 
(14.5 20 V) 


RSC*" +Vo 



Balance adjust available in MC1568L, MC U68L ceramic 
dual in line package only 


FIGURE 3 - ±1.5-AMP£RE REGULATOR 
(Short-Circuit Protected, with Proper Heatsinking) 
(Metal-Packaged Devices Only, R Suffix) 



FIGURE 4 - OUTPUT VOLTAGE ADJUSTMENT 
FOR 8.0V<l±Vo I< 14.5 V 
(Ceramic-Packaged Devices Only, L Suffix.) 


Rsc^ 



The pre»nce of the Baladj. 2 , on devices 
housed in the dual in line package (L suffix) allows 
the user to adjust the output voltages down to 
♦BOV The required value of resistor R2 can 
calculated from 


R1 Rint ^0^V^) 

Rini (Vo-O-Vz)-0Rt 
Where Rmt ■ Internal Resistor = R1 = 1 kl2 
0= 0 68 V 
V^ = 6 6 V 


Some common design values are listed below 


^Vn.V) R2 TcV0(%/OC) IsMmA) 

14 12k 0003 10 

12 18k 0022 7 2 

10 3&k 0 025 5 0 

8 0 0 028 2 6 



TYPICAL CHARACTERISTICS 

(Vcc - +20 V, Vee " -20 V, Vq -±15 V, 
Ta “ +25°C unless otherwise noted.) 


FIGURE 5- OUTPUT IMPEDANCE' 
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ISC. SHORT CIRCUIT CURRENT (mA) IL'*', IL". TOTAL LOAD CURRENT (mA) OUTPUT VOLTAGE DEVIATION (mV) 


MC1468, MC1568 


TYPICAL CHARACTERISTICS 

(Vcc = ■'■20 V, Vee = -20 V, Vq =±15 V, Ta = ■•■25°C unless otherwise noted.) 


FIGURE 6- LOAD REGULATION 


FIGURE 7 - REGULATOR DROPOUT VOLTAGE 


RSC = 400HMS 
AVn < 100 mV 


II, load CURRENT (mA) 


IL, LOAD CURRENT (mA) 


FIGURE 8 - MAXIMUM CURRENT CAPABILITY 


FIGURE 9 - MAXIMUM CURRENT CAPABILITY 


.GOI_Vin-V0 = 30V 

I Vcc = IVeeI 


NO HEATSINK 
INFINITE HEATSINK 


IKH 

TOC 


Ta, ambient TEMPERATURE ("O 

FIGURE 10 — Irc versus Rsc 


NO HEATSINK 
INFINITE HEATSINK 


|V,n-Vo I, INPUT OUTPUT VOLTAGE DIFFERENTIAL (V) 


FIGURE 11 - CURRENT-LIMITING CHARACTERISTICS 















»— = 


RSC= 10 0HMS 






==—==:; 

_ 









— 


Rsc "20 OHMS 











_ 1 





Rsc. SHORT CIRCUIT RESISTOR (OHMS) 


Tj, JUNCTION TEMPERATURE (°C) 


4-80 
















OUTPUT VOLTAGE OEVIATION, 20 mV/DIV THERMAL SHIFT W^c, CURRENT (mA) 
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TYPICAL CHARACTERISTICS (continued) 

(Vcc = +20 V, Vee = -20 V, Vq =±15 V, T/\ = +25°C unless othenA/ise noted.) 



T l - 1 - i I I I I I I 

16 18 20 22 24 26 28 30 32 

±Vin, INPUT VOLTAGE (±V) 



15 16 17 18 19 20 

±Vo, OUTPUT VOLTAGE (±V) 


FIGURE 14 - TEMPERATURE COEFFICIENT OF 
OUTPUT VOLTAGE 


I ^—i— 

Vcc= Vee =30V 







RSC = 4 0C 
I 

HMS 































_ 

















IT 




(iCHAf 

GE IN 

Jo 




I 

CHANGE IN JUNCTION TEMPERATURE 


15 16 17 18 19 20 

±Vo, OUTPUT VOLTAGE (±V) 


FIGURE 15 - LOAD TRANSIENT RESPONSE 



FIGURE 16- LINE TRANSIENT RESPONSE 
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TIME, 50ais/DIV 
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f, INPUT FREQUENCY (Hz) 
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Specifications and Applications Information 


MONOLITHIC VOLTAGE REGULATOR 

The MC1569/IVIC1469 is a positive voltage regulator designed to 
deliver continuous load current up to 500 mAdc. Output voltage is 
adjustable from 2.5 Vdc to 37 Vdc. The I\/1C1569 is specified for 
use within the. military temperature range (—55 to +125°C) and the 
MC1469 within the 0 to +70°C temperature range. 

For systems requiring a positive regulated voltage, the MCI569 
can be used with performance nearly identical to the MC1563 negative 
voltage regulator. Systems requiring both a positive and negative 
regulated voltage can use the MC1569 and MC1563 ascomplementary 
regulators with a common input ground. 

• Electronic "Shut-Down" Control 

• Excellent Load Regulation (Low Output Impedance — 20 milli- 

ohms typ) 

• High Power Capability: up to 17.5 Watts 

• Excellent Temperature Stability: ±0.002 %/°C typ 

• High Ripple Rejection: 0.002 %/V typ 


FIGURE 1-±15 V,±400 mA COMPLEMENTARY TRACKING 
VOLTAGE REGULATOR 


POSITIVE VOLTAGE REGULATOR 
INTEGRATED CIRCUIT 

SILICON NONOLITHIC 
EPITAXIAL PASSIVATED 



CASE 603 
METAL PACKAGE 
G SUFFIX 


(Bottom View) 



ORDERING INFORMATION 


TEMPERATURE RANGE PACKAGE 


0° C to +70°C 




L-l-(JJI!HH-(Jj 


Metal Can 


Metal Power 


Metal Can 


Metal Power 


FIGURE 2 - TYPICAL CIRCUIT CONNECTION FIGURE 3 - TYPICAL NPN CURRENT BOOST CONNECTION 

(3.5 <Vq <37 Vdc, 1 <Il <500 mA) (Vq = 5.0 Vdc, Ij. = 10 Adc (max)) 
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MAXIMUM RATINGS (Tc = +25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Input Voltage 

MC1469 

MC1569 

Vin 

35 

40 

Vdc 

Peak Load Current 

IPK 

G Package 

R Package 

mA 

250 

600 

Current, Pin 2 

Current, Pin 9 


10 

5.0 

10 

5.0 

mA 

Power Dissipation and Thermal Characteristics 
Ta = +25°C 

Derate above Ta = +25°C 

Thermal Resistance, Junction to Air 

Tc = +25°C 

Derate above Tq = +25°C 

Thermal Resistance, Junction to Case 

Pd 

1/®JA 

®JA 

Pd 

1/®JC 

^JC 

0.68 

5.44 

184 

1.8 

14.4 

69.4 

3.0 

24 

41.6 

14 

140 

7.15 

Watts 

mW/°C 

°C/W 

Watts 

mW/°C 

°C/W 

Operating and Storage Junction Temperature 

Tj- Tstg 

-65 to +150 

°C 


OPERATING TEMPERATURE RANGE 


Ambient Temperature 

MCI469 

Ta 

0 to +70 

°C 


MCI 569 


-55 to+125 



ELECTRICAL CHARACTERISTICS 

(Tc = +25°C unless otherwise noted) (Load Current = 100 mA for "R" Package device, otherwise noted) 






MC1569 

MC1469 


Characteristic 

Fig. 

Note 

Symbol 


Typ 

Max 


Typ 


Unit 

Input Voltage 

n 

■■ 

Vin 

8.5 


40 

9.0 

- 

35 


(TA=T|ow®t° Thigh®) 

■1 

■1 








■p 

Output Voltage Range 

Ka 


Vo 

ira 

- 

37 


- 



Reference Voltage (Pin 8 to Ground , Vj^ = 15 V 

4 


Vref 


3.5 

to 

CO 


3.5 

fa 

Vdc 

Minimum Input-Output Voltage Differential 

4 

2 

0 

> 

1 

c 

> 

- 

2.1 

2.7 

- 

2.1 

3.0 

Vdc 

(Rsc = 0) 










Bias Current (Vj^ = 15V) 

H 


■iB 

- 

4.0 

9.0 

- 

5.0 

12 

mAdc 

(II = 1.0 mAdc, R2 = G.8 k ohms, 1 |b = hn - 'lI' 

■ 










Output Noise 

B 


VfJ 

- 

0.150 

_ 

- 

0.150 

_ 

mV(rms) 

(Cm = 0.1 jUF, f = 10 Hz to 5.0 MHz) 

B 










Temperature Coefficient of Output Voltage 

4 

3 

TCVo 

- 

±0.002 

- 

- 

±0.002 

- 

%/°C 

Operating Load Current Range 

■i 









mAdc 

(Rsc <0.3 ohms) r Package 

B 


'l 

1.0 


500 

1.0 


500 


(Rsc ^2.0 ohms) G Package 

B 

■ 


1.0 


200 

1.0 


200 


Input Regulation 

O) 

4 


- 

0.002 

0.015 

- 

0.003 


%/Vo 

Load Regulation 


5 

R®9load 






■1 


(Tj = Constant [1.0 mA:^l|_^20 mA)) 

HH 




0.4 

1.6 


07 


mV 

(Tc = +250C [1.0 mA:^lL^50 mA]) R Package 

■ 




0.005 

0.05 


0.005 

0.05 

% 

G Package 

■ 



B 

0.01 

0.13 

B 

0.01 

0 13 


Output Impedance 

8 

6 



20 

- 


35 


milliohms 

(Cc = 0.001 JJF, Rsc = 1.0 ohm, f = 1.0 kHz, 

V,n = +14 Vdc, Vq = +10 Vdc) 



B 

■ 



■ 


■ 


Shutdown Current 

9 


*sd 

- 

70 

150 

- 

140 

500 

pAdc 

(V|n = +35 Vdc) 












©Tlow = 0°C for MC1469 ©Thigh =+70° Cfor MC1469 

=-55°C for MC1569 = +125°C for IVIC1569 
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Note 1 "Minimum Input Voltage" is the minimum "total instan¬ 
taneous input voltage" required to properly bias the in¬ 
ternal zener reference diode. For output voltages greater 
than approximately 5 5 Vdc the minimum "total instan¬ 
taneous input voltage" must increase to the extent that 
It will always exceed the output voltage by at least the 
"input-output voltage differential" 

Note 2. This parameter states that the MCI 569/MCI 469 will 
regulate properly with the input-output voltage differ¬ 
ential (V|n — Vq) as low as 2.7 Vdc and 3.0 Vdc 
respectively. Typical units will regulate properly with 
(Vin - Vq) as low as 2.1 Vdc as shown in the typical 
column. (See Figure 21.) 

Note 3. "Temperature Coefficient of Output Voltage" is defined 


MCI 569, TCVq = 


± (Vq ttiax — Vq min) (100) 


^ (180 C) (Vo@25 C) 

± (Vq max — Vn min) (100) 

MC1469, TCVo= —^ - - - 5 -= %/°C 

(75 C) (Vo@25 C) 

The output-voltage adjusting resistors (FI1 and R2) must 
have matched temperature characteristics in order to 
maintain a constant ratio independent of temperature. 

Input regulation is the percentage change in output 
voltage per volt change in the input voltage and is 
expressed as 


Input Regulation ‘ 


■100 (%/Vo), 


where Vq is the change in the output voltage Vq for 
the input change Vm. 

The following example illustrates how to compute 
maximum output voltage change for the conditions 
given; 

Regin = 0.015 %/Vo 
Vo= 10 Vdc 
V|n = 1.0 V(rms) 

Vo = (Regip) (vip) (Vp) 

100 

= (0.015) (1.0) (10 ) 

100 

= 0.0015 V(rms) 

) Load regulation is specified for small (^-H7°C) changes 
in junction temperature. Temperature drift effect must 
be taken into account separately for conditions of high 
junction temperature changes due to the thermal feed¬ 
back that exists on the monolithic chip. 

[Vo|Il= 1-0 mAj-[Vo|lL = 50 mA] 

Load Regulation = - Vo|Il= 1.0 mA-X 10° 

i. The resulting low level output signal (vq) will require the 
use of a tuned voltmeter to obtain a reading. Special 
care should be used to insure that the measurement tech¬ 
nique does not include connection resistance, wire re¬ 
sistance, and wire lead inductance (i.e., measure close to 
the case). Note that No. 22 AWG hook-up wire has approx¬ 
imately 4.0 milliohms/in dc resistance and an inductive 
reactance of approximately 10 milliohms/in. at 100 kHz. 
Avoid use of alligator clips or banana plug-jack combination. 


TEST CIRCUITS 


FIGURE 4 - CONNECTION FOR Vq >3.S Vdc 

(Rjc * 2 7 ohms unless othenvise noted) 


(7\)0R6QUIV 


MC1469 'T 

5 ^ 


Select R1 to give desired Vo Rl«(2Vo 7) k 


FIGURE 5 - CONNECTION FOR 2.5 Vdc > Vq <3.5 Vdc 


I <R$c * 2 7 ohms unless Olherwia noied) 


) Rsc ♦Vo 



Select R2 10 give desired Vq R2«(2Vo)kU SeleciRI R1 « (7 0 kS2 - R2I k H 


FIGURE 6 - INPUT REGULATION 


FIGURE 7 - LOAD REGULATION 


1 7 7 Vn > 10 Vdc 


2 Vo ■ 10V 
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GENERAL DESIGN INFORMATION 

1. Output Voltage, Vq 

a) For Vq ^ 3.5 Vdc — Output voltage is set by resistors R1 
and R2 (see Figure 4). Set R2 = 6.8 k ohms and determine 
R1 from the graph of Figure 10 or from the equation: 

R1 '«(2 Vo - 7) kn 

b) For 2.5 ^ Vq ^ 3.5 Vdc — Output voltage is set by resis¬ 
tors R1 and R2 (see Figure 5). Resistors R1 and R2 can be 
determined from the graph of Figure 11 or from the 
equations: 

R2 SJ2 (Vq) kJ2 
R1 «(7 kf2-R2) kfi 

c) Output voltage, Vq, is determined by the ratio of R1 and 
R2, therefore optimum temperature performance can be 
achieved if R1 and R2 have the same temperature 
coefficient. 

d) Output voltage can be varied by making R1 adjustable as 
shown in Figure 43. 

e) If Vq = 3.5 Vdc (to supply MRTL’for example), tie pins 6, 
8 and 9 together. R1 and R2 are not needed in this case. 

2. Short Circuit Current, Ij,. 

Short Circuit Current, Ij^, is determined by Rjg. may 
be chosen with the aid of Figure 12 or the expression: 

o ..^0.6 ohm 
"sc ~p“ 

'sc 

where Ijc is measured in amperes. This expression is also 
valid when current is boosted as shown in Figure 2. 

3. Compensation, Cg 

A 0.001 /UF capacitor, Cc, from pin 4 to ground will provide 
adequate compensation in most applications, with or with¬ 
out current boost. Smaller values of Cg will reduce stability 
and larger values of C^; will degrade pulse response and out¬ 
put impedance versus frequency. The physical location of 
Cc should be close to the MCI 569/MCI 469 with short lead 
lengths. 

4. Noise Filter Capacitor, Cm 

A 0.1 /UF capacitor, C|\|, from pin 7 to ground will typically 
reduce the output noise voltage to 150/iV(rms). The value 
of C|\| can be increased or decreased, depending on the 
noise voltage requirements of a particular application. A 
minimum value of 0.001 JIF is recommended. 

5. Output Capacitor, Cq 

The value of Cq should be at least 1.0 /iF in order to 
provide good stability. The maximum value recommended 
is a function of current limit resistor Rjc^ 

_ .^250iHF 

Cq max 

Rsc 

where Rgc is measured in ohms. Values of Cq greater than 
this will degrade the pulse response characteristics and 
increase the settling time. 

6. Shut-Down Control 

One method of turning "OFF" the regulator is to apply a 
dc voltage at pin 2. This control can be used to eliminate 
power consumption by circuit loads which can be put in 
"standby" mode. Examples include, an ac ordc "squelch" 
control for communications circuits, and a dissipation con¬ 
trol to protect the regulator under sustained output short- 
circuiting. As the magnitude of the input-threshold voltage 
at Pin 2 depends directly upon the junction temperature of 
the integrated circuit chip, a fixed dc voltage at Pin 2 will 
cause automatic shut-down for high junction temperatures. 
This will protect the chip, independent of the heat sinking 
used, the ambient temperature, or the input or output 
voltage levels. Standard Logic levels of MRTL, MDTL* or 
MTTL* can also be used to turn the regulator "ON" or 
"OFF". 


7. Remote Sensina 

The connection to pin 5 can be made with a separate lead 
direct to the load. Thus, "remote sensing" can be achieved 
and the effect of undesired impedances (including that of 
the milliammeter used to measure II) on Zq can be greatly 
reduced. 


FIGURE 10 - R1 versus Vq 
(Vq ^ 3.5 Vdc, See Figure 4) 



Vq, output voltage (VOLTS) 


FIGURE 11 - R1 and R2 versus Vq 
( 2.5 <Vo ^3.5 Vdc, See Figure 5) 



0 25 30 35 


Vo, OUTPUT VOLTAGE (VOLTS) 


FIGURE 12- Ijc versus Rjc 



1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 ‘ 


Rjc, EXTERNAL CURRENTLmiTING RESISTOR (OHMS) 
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R2, RESISTANCE (kfJ) 
















Vo, NORMAUZED OUTPUT VOLTAGE Re^m INPUT^EGULATION ^ zo, OUTPUT IMPEDANCE (MILLIOHMS) 
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TYPICAL CHARACTERISTICS 

Unless otherwise noted: Cfj = 0.1 /LtF, Cc = 0.001 (Jf. Cq = 1.0 JUF, Tc = +25°C, 

Yin nom = +9.0 Vdc, Vq nom = +5.0 Vdc, 

II ^200 mA for R package only. 

FIGURE 13 - DEPENDENCE OF OUTPUT 

IMPEDANCE ON OUTPUT VOLTAGE FIGURE 14 - OUTPUT IMPEDANCE versus Rjc 



0 5 0 10 15 20 25 30 35 40 0 2.0 4 0 6.0 8.0 10 12 14 16 

Vo, OUTPUT VOLTAGE (VOLTS) Rsc, EXTERNAL CURRENT LIMITING RESISTOR (OHMS) 


FIGURE 15 - FREQUENCY DEPENDENCE 
OF INPUT REGULATION, Cq •= WflF 


FIGURE 16- FREQUENCY DEPENDENCE 
OF INPUT REGULATION, Cq - 2.0 JUF 



f, FREQUENCY (kHz) 
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■iinHimniiii 

■nmn 
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1.0 10 100 1000 
f, FREQUENCY (kHz) 


FIGURE 17 - CURRENT-LIMITING CHARACTERISTICS FIGURE 18 - BIAS CURRENT versus INPUT VOLTAGE 



IL, LOAD CURRENT (mA) VOLTAGE (VOLTS) 
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Vo, OUTPUT Vin, INPUT 

VOLTAGE (VOLTS) VOLTAGE (VOLTS) V.n - Vq, INPUT-OUTPUT VOLTAGE 

ZO. OUTPUT IMPEDANCE (MILLIOHMS) ua co o 3 5 S _ DIFFERENTIAL (VOLTS) 
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TYPICAL CHARACTERISTICS (continued) 

Unless otlierwise noted: C(\j = 0.1 /IF, = 0.001 /IF, Cq = 1-0/IF, Tc = +25°C, 

V|n nom = -f 9.0 Vdc, Vq nom = -FS.O Vdc, 

1l >200 mA for R package only. 

FIGURE 19 - EFFECT OF LOAD CURRENT ON FIGURE 20 - EFFECT OF INPUT-OUTPUT VOLTAGE 

INPUT-OUTPUT VOLTAGE DIFFERENTIAL DIFFERENTIAL ON INPUT REGULATION 



FIGURE 21 - INPUT TRANSIENT RESPONSE 




FIGURE 22 - TEMPERATURE DEPENDENCE OF 
SHORT-CIRCUIT LOAD CURRENT 



lOO(is/OIV 



-75 -60 -25 0 ■^25 +50 +75 +100 +125 

Ta, ambient temperature (OC) 


FIGURE 23 - FREQUENCY DEPENDENCE 
OF OUTPUT IMPEDANCE, Cq = 10/IF 


FIGURE 24 - FREQUENCY DEPENDENCE 
OF OUTPUT IMPEDANCE, Cq = 2.0 /IF 




1 0 10 100 1000 05 1 0 5 0 10 50 100 500 


f, FREQUENCY (kHz) 


f, FREQUENCY (kHz) 


4-87 












I\/IC1469, MC1569 


OPERATIONS AND APPLICATIONS 


This section describes the operation and design of the MC1569 positive voltage regulator and also provides information on 
useful applications. 


SUBJECT SEQUENCE 


Theory of Operation 

Shutdown Techniques 

Thermal Shutdown 

NPN Current Boosting 

Voltage Boosting 

Thermal Considerations 

PNP Current Boosting 

Remote Sensing 

Latch-Up 

Switching Regulator 

An Adjustable-Zero-Temperature- 


Positive and Negative Power Supplies 

Coefficient Voltage Source 



THEORY OF OPERATION 

The usual series voltage regulator shown in Figure 25, 
consists of a reference voltage, an error amplifier, and a 
series control element. The error amplifier compares the 
output voltage with the reference voltage and adjusts the 
output accordingly until the error is essentially zero. For 
applications requiring output voltages larger than the refer¬ 
ence, there are two options. The first is to use a resistive 
divider across tlie output and compare only a fraction of 
the output voltage to the reference. This approach suffers 
from reduced feedback to tlie error amplifier due to the 
attenuation of the resistive divider. This degrades load 
regulation especially at liigh voltage levels. 

The alternative is to eliminate the resistive divider and 
to shift the reference voltage instead. To accomplish this, 
another amplifier is employed to amplify (or level sirift) 
the reference voltage using an operational amplifier as 
shown in Figure 26. The gain-determining resistors may 
be external, enabling a wide range of output voltages. This 


is exactly the same approach used I'n the first option. That 
is, the output is being resistively divided to match the 
reference voltage. There is however, one big difference in 
that the output of this “regulator” is driving the input of 
another regulator (the error amplifier). The output of the 
reference amplifier has a relatively low impedance as com¬ 
pared to the input impedance of the error amplifier. 
Changes in the load of the output of the error amplifier 
are buffered to the extent that they have virtually no effect 
on the reference amplifier. If the feedback resistors are 
external (as they are on the MCI569) a wide range of 
reference voltages can be established. 

The error amplifier can now be operated at unity gam 
to provide excellent regulation. In fact, this “regulator- 
within-a-regulator” concept permits the load regulation to 
be specified in terms of output impedance rather than as 
some percentage change of the output voltage. This ap¬ 
proach was used in the design of the MCI569 positive- 
voltage regulator. 


FIGURE 25 - SERIES VOLTAGE REGULATOR FIGURE 26 - THE "REGULATOR-WITHIN-A-REGULATOR" APPROACH 
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FIGURE 27 

(Recommended External Circuitry is Depicted With Dotted Lines.) 

MC1569/MC1469 BLOCK DIAGRAM 




MCI 569 Operation 

Figure 27 shows the MCI569 Regulator block diagram, 
simplified schematic, and complete schematic. The four 
basic sections of the regulator are: Control, Bias, DC 
Level Shift, and Output (unity gam) Regulator. Each sec¬ 
tion is detailed in the following paragraphs. 

Control 

The control section involves two basic functions, start¬ 
up and shutdown. A start-up function is required since 
the biasing is essentially independent of the unregulated 


input voltage. It makes use of two zener diodes having 
the same breakdown voltage. A first or auxiliary zener is 
driven directly from the input voltage line through a re¬ 
sistor (60 kf2) and permits the regulator to initially 
achieve the desired bias conditions. This permits the 
second, or reference zener to be driven from a current 
source. When the reference zener enters breakdown, the 
auxiliary zener is isolated from the rest of the regulator 
circuitry by a diode disconnect technique. This is neces¬ 
sary to keep the added noise and ripple of the auxiliary 
zener from degrading the performance of the regulator. 
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The shutdown control consists of an NPN transistor 
across the reference zener diode. When this transistor is 
turned “ON”, via pin 2, the reference voltage is reduced to 
essentially zero volts and the regulator is forced to shut¬ 
down. During shutdown the current drain of the com¬ 
plete IC regulator drops to Vjn/60 or 500 iiA for a 
30 V input. 

Bias 

A zener diode is the main reference element and forms 
the heart of the bias circuitry. Its positive temperature 
coefficient is balanced by the negative temperature co¬ 
efficients of forward biased diodes in a ratio determined 
by the resistors in the diode string. The result is a refer¬ 
ence voltage of approximately 3.5 Vdc with a typical 
temperature coefficient of 0.002 %/°C. In addition, this 
circuit also provides a reference current which is used to 
bias all current sources in the remaining regulator circuitry. 

DC Level Shift 

The reference voltage is used as the input to a Darlington 
differential amplifier. The gain of this amplifier is quite 
high and it therefore may be considered to function as a 
conventional operational amplifier. Consequently,negative 
feedback can be employed using two external resistors(R1 
and R2) to set the closed-loop gain and to boost the refer¬ 
ence voltage to the desired output voltage. A capacitor. 
Cm, is introduced externally into the level shift network 
(via pin 7) to stabilize the amplifier and to filter the zener 
noise. The recommended value for this capacitor is 0.1 fiF 
and should have a voltage rating in excess of the desired 
output voltage. Smaller capacitors (0.001 nF minimum) 
may be used but will cause a slight increase in output 
noise. Larger values of Cn will reduce the noise as well as 
delay the start-up of the regulator. 


Output Regulator 

The output of the level shift amplifier (pin 9) is fed to 
the noninverting input (pin 6) of the output error ampli¬ 
fier. The inverting input to this amplifier is the Output 
Sense connection (pin 5) of the regulator. A Darhngton 
connected NPN power transistor is used to handle the load 
current. The short-circuit current limiting resistor, Rsc, is 
connected in the emitter of this transistor to sample the 
full load current. By placing an external low-level NPN 
transistor across Rgc as shown in Figure 27, output 
current can be limited to a predetermined value: 


, _ 0.6 ^ 0.6 
lLmax^5-orR,c=,—^ 


where II max is the maximum load current (amperes) and 
Rsc is the value of the current limiting resistor (ohms). 


Stability and Compensation 

As has been seen, the MCI 569 employs two amplifiers, 
each using negative feedback. This implies the possibility 
of instability due to excessive phase shift at high frequen¬ 
cies. Since the error amplifier is normally used at unity 
gain (the worst case for stability) a high impedance node 
is brought out for compensation. For normal operation, a 
capacitor is connected between this point (pin 4) and 
ground. The recommended value of 0.001 mF will insure 
stability and still provide acceptable transient response 
(see Figure 28, A and B). It is also necessary to use an 
output capacitor, Cq (typically 1.0 /iF) from the output, 
Vq, to ground. When an external transistor is used to 
boost the current, Cq = 1-0 juF is also recommended (see 
Figure 2). 


FIGURE 28A - LOAD TRANSIENT RESPONSE 


FIGURE 28B - LOAD TRANSIENT RESPONSE 
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TYPICAL NPN CURRENT BOOST CONNECTIONS 


FIGURE 29A - 5 VOLT 5-AMPERE REGULATOR 



FIGURE 29B - 5-VOLT 5-AMPERE REGULATOR 




NPN CURRENT BOOSTING 

For applications requiring more than 500 mA of load 
current, or for minimizing voltage variations due to tem¬ 
perature changes in the IC regulator arising from changes 
of the internal power dissipation, the NPN current-boost 
circuits of Figure 3 or 29 are recommended. The tran¬ 
sistor shown in Figure 29A, the 2N3055 can supply 
currents to 5.0 amperes (subject, of course, to the safe 
area limitations). To improve the efficiency of the NPN 


boost configuration, particularly for small output 
voltages, the circuit of Figure 29 is recommended. An 
auxiliary 9.5-volt supply is used to power the IC regulator 
and the heavy load current is obtained from a second 
supply of lower voltage. For the 5.0 ampere regulator of 
Figure 29 this represents a savings of 17.5 watts when 
compared with operating the regulator from the single 9.5 
V supply. It can supply current to 5.0 amperes while 
requiring an input voltage to the collector of the pass 
transistor of 6.0 volts minimum. The’pass transistor is 
limited to 5.0 amperes by the added short-circuit current 
network in its emitter (Rsc). (Figure 29B). 

PNP CURRENT BOOSTING 

A typical PNP current boost circuit is shown in Figure 
30. Voltages from 2.5 Vdc to 37 Vdc and currents of 
many amperes can be obtained with this circuit. 

Since the PNP transistor must not be turned on by the 
MCI569 bias current (Ijb) the resistor Rjn must meet the 
following condition 

o <M 

IlB 

where Vbe is the base-to-emitter voltage required to turn 
on the PNP pass transistor, (typically 0.6 Vdc for silicon 
and 0.2 Vdc for germanium). 

For germanium pass transistors, a silicon diode may be 
placed in series with the emitter to provide an additional 
voltage drop. This allows a larger value of Rjn than would 
be possible if the diode were omitted. The diode will, 
however, be required to carry the maximum load current. 

SELF-OSCILLATING SWITCHING 
REGULATOR 

In all of the current boosting circuits shown thus far it 
has been assumed that the input-output voltage differen¬ 
tial can be minimized to obtain maximum efficiency in 
both the external pass element as well as the MCI569. 
This may not be possible in applications where only a 
single supply voltage is available and high current levels 
preclude zener diode pre-regulating approaches. In such 
applications a switching-mode voltage regulator is highly 
desirable since the pass device is either ON or OFF. The 
theoretical efficiency of an ideal switching regulator is 
100%. Realizable efficiencies of 90% are within the realm 
of possibility thus obviating the need for large power dis¬ 
sipating components. The output voltage will contain a 
ripple component; however, this can be made quite small 
if the switching frequency is made relatively high so filter¬ 
ing techniques are effective. Figure 31 shows a functional 
diagram for a self-oscillating voltage regulator. The 
comparator-driver will sense the voltage across the induc¬ 
tor, this voltage being related to the load current, II, by 
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L 


dl, 


dt 


= V. 


For a first approximation this can be assumed to be a 
linear relationship. 

Initially, Vq will be low and Q1 will be ON. The volt¬ 
age at the non-inverting input will approach /3i Vjn, when; 




V R 


c^'b 


1 + Ra + Rb 


When this output voltage is reached the comparator will 
switch, turning Q1 OFF. The diode, CRl, will now become 
forward biased and will supply a path for the inductor cur¬ 
rent. This current and the sense voltage will start to de¬ 
crease until the output voltage reaches 




2 >n~Ra + Rb 


where the comparator will again switch turning QI ON, 
and the cycle repeats. Thus the output voltage is approxi¬ 
mately Vjef plus a ripple component. 

The frequency of oscillation can be shown to be 


f = 


Vq (Vin - Vo) 

L Vc l(max)- Iq) 


(» 


FIGURE 31 - BASIC SELF-OSCILLATING 
SWITCHING REGULATOR 

I, 





where 

I (max) = The maximum value of inductor current 
Iq = The minimum inductor current. 

Normally this frequency will be in the range of approxi¬ 
mately 2 kHz to 6 kHz. In this range, inductor values can 
be small and are compatible with the switching times of 
the pass transistor and diode. The switching time of the 
comparator is quite fast since positive feedback aids both 
turn-on and turn-off times. The limiting factors are the 
diode and pass transistor rise and fall times which should 
be quite fast or efficiency will suffer. 

Figure 32 shows a self oscillating switching regulator 
which in many respects is similar to the PNP current boost 
previously discussed. The 6.8 kf2 resistor in conjunction 
with R1 sets the reference voltage, Vref- Ql and CRl are 
selected for fast switching times as well as the necessary 
power dissipation ratings. Since a linear inductor is as¬ 
sumed, the inductor cannot be allowed to saturate at 
maximum load currents and should be chosen accordingly. 
If core saturation does occur, peak transistor and diode 
currents will be large and power dissipation will increase. 



FIGURE 32 - MC1569 SELF-OSCILLATING 
SWITCHING REGULATOR 
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As a design center is required for a practical circuit, 
assume the following' requirements: 

Vj^ = +28 Volts 

Vo = +10 Volts 

AVo = 50 mV 

fS5 kHz 

I(max)= 1.125 A 

10=1 A 


speed. When the output stage of the error amplifier 
approaches saturation, CR2 becomes forward biased and 
clamps the error amplifier. Resistor Rc should be selected 
to supply a total of 1 mAdc to CR2 and CR3. 

To show correlation between the predicted and tested 
specifications the following data was obtained: 

V,jj = +28 (tl%) Volts 

Vq = +10 Volts 

AVq = 60 mV 

f = 7 kHz 


AV«V- — 
inR ■ 


( 2 ) 


Using Equation (1), the inductor value can be found: 

(28-10) 10 / 1 \ 
2(1.125-1)28 \5x 102/ 


«7 mH. 


@1l= lA 

which checks quite well with the predicted values. Rb 
can be adjusted to minimize the ripple component as well 
as to trim the operating frequency. Also this frequency 
will change with varying loads as is normal with this type 
of circuit. Pin 2 can still be used for shut-down if so 
desired. R^c should be set such that the ratio of load cur¬ 
rent to base drive current is 10:1 in this case I] « 100 mA 
and Rgc “ 6.5f2. 


For the test circuit, a value of 6 mH was selected. Using POSITIVE AND NEGATIVE POWER 
for a first approximation SUPPLIES 


co = 


(Vin - V0)(V0) 

8L f2 Vin (AV) 


^_ (28 - 10)10 _ 

8(7 X 10“^)(5 X 10^ (28) (50 x 10“^) 

«95 juF. 


As shown, a value of 100 qF was selected. Since little cur¬ 
rent is required at pin 6, Ra can be large. Assume Ra = 
47 kO and then use Equation (2) to determine Rb: 


50x 10“-" = 


-3_ 28 


47 kO 


Rb = 28 50 «85n. 

Since the internal impedance presented by pin 9 is on 
the order of 60f2, a value of Rb = lOO is adequate. 

Diodes CR2, CR3, and R^ may be added to prevent 
saturation of the error amplifier to increase switching 


If the MCI569 is driven from a floating source it is 
possible to use it as a negative regulator by grounding the 
positive output terminal. The MCI569 may also be used 
with the MCI563 toqirovide completely independent posi¬ 
tive and negative voltage regulators with comparable 
performance. 

Some applications may require complementary tracking 
in which both supplies arrive at the voltage level simul¬ 
taneously, and variations in the magnitudes of the two 
voltages track. Figures 1 and 33 illustrate this approach. 
In this application, the MC1563 is used as the reference 
regulator, establishing the negative output voltage. The 
MC1569 positive regulator is used in a tracking mode by 
grounding one side of the differential amplifier (pin 6 of 
the MCI569) and using the other side (pin 5 of the 
MCI 569) to sense the voltage developed at the junction of 
the two 3-k ohm resistors. This differential amplifier 
controls the MCI569 series pass transistor such that the 
voltage at pin 5 will be zero. When the voltage at pin 5 
equals zero, +Vo must equal I-VqI. 

For the configuration shown in Figure 33, the level 
shift amplifier in the MCI569 is employed to generate an 
auxiliary +5-volt supply which is boosted to a 2-ampere 
capability by Q1 and Q2. (The +5-volt supply, as shown, 
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is not short-circuit protected.) The -15-volt supply 
varies less than 0.1 mV over a zero to —300 mAdc current 
range and the +15'Volt supply tracks this variation. The 
+15-volt supply varies 20 mV over the zero to +300 mAdc 
load current range. The +5-volt supply varies less than 
5 mV for 0 < 1 l ^ 200 mA with the other two voltages re¬ 
maining unchanged. See page 19 for additional information. 

SHUTDOWN TECHNIQUES 

Pin 2 of the MCI569 is provided for the express pur¬ 
pose of shutting the regulator “OFF”. Referring to the 
schematic, it can be seen that pin 2 goes to the base of an 
NPN transistor; which, if turned “ON”, will turn the 
zener “OFF” and deny current to all the biasing current 
sources. This action causes the output to go to essentially 


zero volts and the only current drawn by the IC regulator 
will be the small start current through the 60-k-ohm start 
resistor (Vjn/60 kf2). This feature provides additional 
versatility in the applications of the MCI569. Various sub¬ 
systems may be placed in a “standby” mode to conserve 
power until actually needed. Or the power may be turned 
“OFF” in response to other occurrences such as over¬ 
heating, over-voltage, shorted output, etc. 

To activate shutdown, one simply applies a potential 
greater than two diode drops with a current capability of 
1 mA. Note that if a hard supply (i.e., +3 V) is applied 
directly to pin 2, the shutdown circuitry will be destroyed 
since there is no inherent current limiting. Maximum 
rating for the drive current into pin 2 is 10 mA, while 
1 mA is adequate for shutdown. 


FIGURE 33 - A ±15 Vdc COMPLEMENTARY TRACKING REGULATOR WITH AUXILIARY +5.0 V SUPPLY 
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FIGURE 34 - ELECTRONIC SHUT-DOWN USING A MDTL GATE 



(DUAL MDTL GATE! 


FIGURE 35 - AUTOMATIC LATCH INTO SHUT-DOWN WHEN 
OUTPUT IS SHORT-CIRCUITED WITH MANUAL RE-START 


Rjc ‘■'^D 



FIGURE 36 - VOLTAGE BOOSTING CIRCUIT 



Figure 34 shows how the regulator can be controlled 
by a logic gate. Here, it is assumed that the regulator 
operates in its normal mode - as a positive regulator 
referenced to ground — and that the logic gate is of the 
saturating type, operating from a positive supply to 
ground. The high logic level should be greater than about 
1.5 V and should source no more than 10 mA into pin 2. 

The gate shown is of the MDTL type. MRTL and 
MTTL can also be used as long as the drive current is 
within safe limits (this is important when using MTTL, 
where the output stage uses an active pull-up). 

In some cases a regulator can be designed which can 
handle the power dissipation resulting from normal opera¬ 
tion but cannot safely dissipate the power resulting from a 
sustained short-circuit. The circuit of Figure 35 solves 
this problem by shutting down the regulator when the 
output is short-circuited. 

VOLTAGE BOOSTING 

The MCI569 has a maximum output voltage capability 
of 37 volts which covers the bulk of the user requirements. 
However, it is possible to obtain higher output voltages. 
One such voltage boosting circuit is shown in Figure 36. 

Since high voltage NPN silicon devices are readily 
available, the only problem is the voltage limitations of the 
MCI569. This can be overcome by using voltage shift 
techniques to hmit the voltage to 35 volts across the 
MCI569 while referencing to a higher output voltage. 

The zener diode in the base lead of the NPN device is 
used to shift the output voltage of the MC1569 by ap¬ 
proximately 75 volts to the desired high voltage level, in 
this case 100 volts. Another voltage shift is accomplished 
by the resistor divider on the output to accommodate the 
required 25 volt reference to the MCI569. The 2 kfi 
resistor is used to bias the zener diode so the current 
through the 4.7 kf2 resistor can be controlled by the 
MC1569. The 1N4001 diode protects the MC1569 from 
supplying load current under short circuit conditions and 
Q2 serves to limit base current to Ql. For Rjc as shown, 
the short circuit current will be approximately 100 mA. 

In order to use a single supply voltage, Vin(2) can be 
derived from Vjn(l) with a zener diode, shunt pre¬ 
regulator. 

It can be seen that loop gain has been reduced by the 
resistor divider and hence the closed loop bandwidth will 
be less. This of course will result in a more stable system, 
but regulator performance is degraded to some degree. 

REMOTE SENSING 

The MCI 569 offers a remote sensing capability. This 
is important when the load is remote from the regulator. 
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as the resistance of the interconnecting lines (Vq and 
GND) are added directly to the output impedance of the 
regulator. By remote sensing, this resistance is included 
inside the control loop of the regulator and is essentially 
eliminated. Figure 37 shows how remote sensing is accom¬ 
plished using both a separate sense line from pin 8 and a 
separate ground line from the regulator to the remote 
load. 

AN ADJUSTABLE ZERO-TEMPERATURE- 
COEFFICIENT (0-TC) VOLTAGE 
REFERENCE SOURCE. 

The MCI569, when used in conjunction with low TC 
resistors, makes an excellent reference-voltage genera¬ 
tor. If the 3.5 volt reference voltage of the IC regulator is 
a satisfactory value, then pins 8 and 9 can be tied together 
and no resistors are needed. This will provide a voltage 


reference having a typical temperature coefficient of 
0.002%/°C. By adding two resistors, R1 and R2, any 
voltage between 3.5 Vdc and 37 Vdc can be obtained 
with the same low TC (see Figure 38). 

THERMAL SHUTDOWN 

By setting a fixed voltage at pin 2, the MCI569 chip 
can be protected against excessive junction temperatures 
caused by power dissipation in the IC regulator. This is 
based on the negative temperature coefficient of the base- 
emitter junction of the shutdown transistor and the diode 
in series with pin 2 (—3.4 x 10“3v/oc). By setting 1.0 
Vdc externally at pin 2, the regulator will shutdown when 
the chip temperature reaches approximately +140°C. Fig¬ 
ure 39 shows a circuit that uses a zero-TC zener diode and 
a resistive divider to obtain this voltage. 


FIGURE 37 - REMOTE SENSING CIRCUIT 


FIGURE 38 - AN ADJUSTABLE "ZERO-TC" VOLTAGE SOURCE 




FIGURE 39 - JUNCTION TEMPERATURE LIMITING SHUTDOWN CIRCUIT 
FIGURE 39A - USING A ZERO TC REFERENCE FIGURE 39B - USING A T^ REFERENCE 

Vpin 2 (for shutdown) = 1.38 -34 X 10-3 (Tj-25'>CI 
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FIGURE 40 - THERMAL SHUTDOWN WHEN USING 

EXTERNAL PASS TRANSISTORS FIGURE 41 - DC SAFE OPERATING 

AREA 




30 4050607080 10 20 30 40 


V,n-Vo (VOLTS) 


In the case where an external pass transistor is em¬ 
ployed, its temperature, rather than that of the IC regu¬ 
lator, requires control. A technique similar to the one just 
discussed can be used by directly monitoring the case 
temperature of the pass transistor as is indicated in Fig¬ 
ure 40. The case of the normally “OFF” thermal moni¬ 
toring transistor, Q2, should be in thermal contact with, 
but electrically isolated from, the case of the boost tran¬ 
sistor, Q1. 

THERMAL CONSIDERATIONS 

Monolithic voltage regulators are subjected to internal 
heating similar to a power transistor. Since the degree of 
internal heating is a function of the specific application, 
the designer must use caution not to exceed the specified 
maximum junction temperature (+150°C). Exceeding 
this limit will reduce reliability at an exponential rate. 
Good heatsinking not only reduces the junction tempera¬ 
ture for a given power dissipation; it also tends to improve 
the dc stability of the output voltage by reducing the 
junction temperature change resulting from a change in the 
power dissipation of the IC regulator. By using the de¬ 
rating factors or thermal resistance values given in the 
Maximum Ratings Table of this data sheet, junction tem¬ 
perature can be computed for any given application in 
the same manner as for a power transistor*. A short- 
circuit on the output terminal can produce a “worst-case” 
thermal condition especially if the maximum input voltage 
is applied simultaneously with the maximum value of 
short-circuit load current. Care should be taken not to 

*For more detailed information of methods used to com¬ 
pute junction temperature, see Motorola Application 
Note AN-226, Measurement of Thermal Properties of 
Semiconductors. 


exceed the maximum junction temperature rating during 
this fault condition and, in addition, the dc safe operating 
area limit (see Figure 41). 

Thermal characteristics for a voltage regulator are use¬ 
ful in predicting performance since dc load and line 
regulation are affected by changes injunction temperature. 
These temperature changes can result from either a change 
in the ambient temperature, T^, or a change in the power 
dissipated in the IC regulator. The effects of ambient tem¬ 
perature change on the dc output voltage can be esti¬ 
mated from the “Temperature Coefficient of Output 
Voltage” characteristic parameter shown as ±0.002%/OC, 
typical. Power dissipation is typically changed in the 1C 
regulator by varying the dc load current. To estimate the 
dc change in output voltage due to a change in the dc load 
current, three effects must be considered: 

1. junction temperature change due to the change in 
the power dissipation 

2. output voltage decrease due to the finite output 
impedance of the control amplifier 

3. thermal gradient on the IC chip. 

A temperature differential does exist across a power 1C 
chip and can cause a dc shift in the output voltage. A 
“gradient coefficient,” GCVq, can be used to describe this 
effect and is typically —0.06%/watt for the MC1569. For 
an example of the relative magnitudes of these effects, 
consider the following conditions: 

Given MCI 5 69 
with Vjjj = 10Vdc 
Vo = 5 Vdc 
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and = 100 mA to 200 mA 
(Ml = 100 mA) 
assume Ta = +25°C 

TO-66 Case with heatsink 
assume “ 0.2°C/W 
and 05 ^ = 20C/W 

0Tp = 7.15°C/W (from maximum ratings 
table) 


2. AVq due to Zq 

lAVol = (-Zo)(lL) 

|AVol = -(2x 10-2)(10-l) = -2mV 

3. AVq due to gradient coefficient, GCVq 

lAVol = (GCVo)(Vo)(APd) 

IAVqI = (-6 X 10-4/W)(5 volts)(5 x 10-IW) 

lAVol = -1.6 mV 



It is desired to find the AVq which results from this AIl. 
Each of the three previously stated effects on Vq can now 
be separately considered. 

1. AVq due to ATj 


Therefore the total AVq is given by 

|AVo totall = ±0.5 - 2.0 -1.6 mV 
OR 


AVo = (Vo)(APd)(TCVo)(0JC+ + osa) 

OR 

AVo = (5V)(5 V x 0.1 A)(±0.002%/°C)(9.35''C/W) 
AVo ±0.5 mV 


-4.1 mV < I Vo total | < - 3.1 mV 


Other operating conditions may be substituted and com¬ 
puted in a similar manner to evaluate the relative effects 
of the parameters. 


TYPICAL PRINTED CIRCUIT BOARD LAYOUT 
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Cc GND R2 


’Cj noJ shown 


FIGURE 42 - LOCATION OF COMPONENTS 


FIGURE 43 


- CIRCUIT SCHEMATIC FOR PRINTED CIRCUIT BOARD (Pg. 17) 
3.5V<Vo<37 V, 1 mA<lL<500 mA 


Vq Cq GND 


A nn 
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PARTS LIST 


Component 

Value 

Description 

R1 

R2 

Select 

68 k 

1/4 or 1/2 watt carbon 

*Ra 

Select 

IRC Model X-201 Mallory Model MTC-1 


or equivalent 

Rsc 

Select 

1/2 watt carbon 

»Rl' 

Select 

For minimum current of 1 mAdc 

Co 

1.0 AlF 

Sprague 1500 Series, Dickson D10C series 


or equivalent 

Cn 

0.1 flF 1 

0.001 HF> 

0.01 HF ) 

Ceramic Disc — Centralab DDA104, 

Cc 

*C, 

Sprague TG-P10, or equivalent 

Q1 

MC1569R or MC1469R 


Q2 

2N5223, 2N706, or equivalent 


*HS 

- 

Heatsink Thermalloy #6168B 

^Socket 

(NotShown) 

Robinson Nugent #0001306 

Electronic Molding Corp. #6341-210-1, 



6348-188-1, 6349-188-1 

PC Board 

‘Optional 

— 

Circuit Dot, Inc. #PC1113 

1155 W. 23rd St., Tempe, Ariz. 85281 


LATCH-UP 

Latch-up of these and other regulators can occur if: 

1. There are plus and minus voltages available 

2. A load exists between Vq'*' and Vq" (This "common load" may be something inconspicuous 
— e.g. an operational amplifier. Nearly everyone who uses + and — voltages will have a 
common load from V^C fo Vgg.) 

3. Vjn'*' and Vi^,' are not applied at the same time. 

The above conditions result in one of the two outputs becoming reverse-biased which prevents the 
regulator from turning ON . Latch-up can be prevented by the circuit configurations shown in 
Figures 44 and 45. 

FIGURE-44 
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1N4001 OR EQUIV •—0-“ 

14 o’ 

MC1S69 

1 Rsc 

-0-♦-WV-- 

/'f*\2N706OR 

A ( J* EQUIV 

n 

Vo+ 

t-V 

MC1469 


Co 

10/iF 

1— WV-f o 

RI I 


-U 1 

f ^ JN4001 

, J_ OOOlpf or - 

J EQUlvi 



fl2=68k< 

2 i case! cr 

? tic) 9 oii 

i 

. 1 


Vo 


Note This configuration increases minimum 
input Output (tifterential voltage by ^ 0 7 V 


FIGURE-45 
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MONOLITHIC VOLTAGE REGULATOR 

The MCI 723 is a positive or negative voltage regulator designed 
to deliver load current to IBOmAdc. Output current capability can 
be increased to several amperes through use of one or more external 
pass transistors. MCI723 is specified for operation over the military 
temperature range (-55°C to +125°C) and the MC1723C over the 
commercial temperature range (0 to +70°C) 

• Output Voltage Adjustable from 2 Vdc to 37 Vdc 

• Output Current to 150 mAdc Without External Pass Transistors 

• 0.01% Line and 0.03% Load Regulation 

• Adjustable Short-Circuit Protection 



FIGURE 2 - TYPICAL CIRCUIT CONNECTION 


(12) 8 


6(10) RSC 







MC1723 

1 (3) 


.(6)4 

(MC1723C) 


R3 4 



> 




2 (4) ^ 


(6)3 


Cl lOOpF 1 


s Crel 

1 

9 (13) i 



(7) si 

1 


,/RI*R2\ . Vsense 066 


For best results 10 k < R2 < 100 k 
For minimum drift R3= 


VOLTAGE REGULATOR 

SILICON 
MONOLITHIC 
INTEGRATED CIRCUIT 



PSUFFIX 

PLASTIC PACKAGE 
CASE 646 


G SUFFIX '■ 
METAL PACKAGE 
CASE 603 
(TO-100 Type) 



L SUFFIX 

CERAMIC PACKAGE 
CASE 632 
(TO-116) 


ORDERING INFORMATION 
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MAXIMUM RATINGS (T^ ° -)-25°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Pulse Voltage from Vqc 1° '/EE 150 ms) 

'/in(p) 

50 

'/peak 

Continuous Voltage from Vgc to VgE 

^in 

40 

Vdc 

Input-Output Voltage Differential 

o 

> 

1 

c 

> 

40 

Vdc 

Maximum Output Current 

'L 

150 

mAdc 

Current from V^ef 

Iref 

15 

mAdc 

Current from V^ 

>z 

25 

mA 

Voltage Between Non-Inverting Input and Vee 

'/ie 

8.0 

Vdc 

Differential Input Voltage 

'/id 

±5.0 

Vdc 

Power Dissipation and Thermal Characteristics 




Plastic Package 




Ta = +25°C 

Pd 

1.25 

W 

Derate above Ta = +25°C 

1/0JA 

10 

mW/°C 

Thermal Resistance, Junction to Air 

0JA 

100 

°CM 

Metal Package 




Ta = +25°C 

Pd 

1.0 

Watt 

Derate above Ta = +25°C 

1/®JA 

6.6 

mW/°C 

Thermal Resistance, Junction to Air 

®JA 

150 

°C/W 

Tc = +25°C 

Pd 

2.1 

Watts 

Derate above Ta = +25°C 

1/®JA 

14 

mW/°C 

Thermal Resistance, Junction to Case 

®JC 

35 

°C/W 

Dual In-Line Ceramic Package 

Pd 

1.5 

Watt 

Derate above Ta = +25°C 

1/0JA 

10 

mW/°C 

Thermal Resistance, Junction to Air 

®JA 

100 

°C/W 

Operating and Storage Junction Temperature Range 




Metal Package 


-65 to +150 


Dual In-Line Ceramic and Ceramic Flat Packages 


-65 to +175 


Operating Ambient Temperature Range 

Ta 


°C 

MC1723C 


0 to +70 


MC1723 


-55 to+125 



ELECTRICAL CHARACTERISTICS (Unless otherwise noted: Ta = +25°C, Vin 12 Vdc, Vq = 5.0 Vdc, lu = 10 n^Adc, Rsc = 0, 
Cl = 100 pF, Cref = 0 and divider impedance as seen by the error amplifier ^ 10 kn connected as shown in Figure 2) 


Characteristic 

Symbol 

MC1723 

MC1723C 

Unit 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Voltage Range 

Vin 

9.5 

- 

40 

9.5 

- 

40 

Vdc 

Output Voltage Range 

Vo 

2.0 

- 

37 

2.0 

- 

37 

Vdc 

Input-Output Voltage Differential 

Vin-Vo 

3.0 

- 

38 

3.0 

- 

38 

Vdc 

Reference Voltage 

Vref 

6.95 

7.15 

7.35 

6.80 

7.15 

7.50 

Vdc 

Standby Current Dram (Il = 0, Vjp =30 V) 

'IB 

- 

2.3 

3.5 

- 

2.3 

4.0 

mAdc 

Output Noise Voltage (f = 100 Hz to 10 kHz) 
^^ref “ 0 
^ref ” 5.0 /iF 

Vn 

■ 

20 

2.5 

- 

- 

20 

2.5 

- 

mV(RMS) 

Average T emperati^ Coefficient of Output 
Voltage (T,ow ® <Ta <Thigh (D) 

TCVo 

— 

0.002 

0.015 

_ 

0.003 

0.015 

%/°C 

Line Regulation 

(TA-+250C)i’2'/<Vin<15V 

(Ta +25 C)^,2V<V,n<40V 
(T|ow®<TA<Thigh®) 

12V<V,n<15V 

■ 

- 

0.01 

0.02 

0.1 

0.2 

0.3 

- 

0.01 

0.1 

0.1 

0.5 

0.3 

%Vo 

Load Regulation (1.0mA <1l<50 mA) 

Ta = +i5°C 

T|ow ® ^Ta '^Thigh ® 

flegioad 

- 

0.03 

0.15 

0.6 

- 

0.03 

0.2 

0.6 

%Vo 

Ripple Rejection (f = 50 Hz to 10 kHz) 

^ref “ 0 

Cref = 5.0 pF 

RejR 

■ 

74 

86 

■ 

■ 

74 

86 

- 

dB 

Short Circuit Current Limit (Rsc = 10 n, 
Vo=0) 

'sc 

- 

65 

- 

- 

65 

- 

mAdc. 

Long Term Stability 

AVo/^t 

- 

0.1 

- 

- 

0.1 

— 

%/1000Hr 


OtIow = 0°C for MC1723C 
= -55°C for MCI723 


(D 


Thigh “ +70° C for MC1723C 
= +125°Cfor MC1723 
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RELATIVE OUTPUT VOLTAGE (VOLTS) Rsflload. LOAO REGULATION (% Vq) iL(niax) LOAO CURRENT (mA) 


MC1723, IVIC1723C 


TYPICAL CHARACTERISTICS 

(Vjn =12 Vdc, Vq = 5.0 Vdc, !(_ = 1.0 mAdc, Rsc 0. ~ ■'■25°C unless otherwise noted.) 


FIGURE 4 - MAXIMUM LOAO CURRENT AS A FUNCTION 
OF INPUT-OUTPUT VOLTAGE DIFFERENTIAL 


FIGURE 5 - LOAD REGULATION CHARACTERISTICS 
WITHOUT CURRENT LIMITING 



0 IQ 20 30 40 



0 20 40 GO 80 100 


Vin-VQ, INPUT-OUTPUT VOLTAGE (VOLTS) 


iQ, OUTPUT CURRENT (mA) 


FIGURE 6 - LOAD REGULATION CHARACTERISTICS 
WITH CURRENT LIMITING 


FIGURE 7 - LOAD REGULATION CHARACTERISTICS 
WITH CURRENT LIMITING 



0 5 0 10 15 20 25 . 30 



0 20 40 60 80 


iQ, OUTPUT CURRENT (mA) 


iQ, OUTPUT CURRENT (mA) 


FIGURE 8 - CURRENT LIMITING CHARACTERISTICS 
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R«r = 10 S2 
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0 20 40 60 80 100 

lO, OUTPUT CURRENT (mA) 


FIGURE 9 - CURRENT LIMITING CHARACTERISTICS 
AS A FUNCTION OF JUNCTION TEMPERATURE 
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OUTPUT VOLTAGE OEVIATION (mV) 


MC1723, MC1723C 


TYPJCAL CHARACTERISTICS (continued) 


FIGURE 10 - LINE REGULATION AS A FUNCTION FIGURE 11 - LOAD REGULATION AS A FUNCTION 

OF INPUT-OUTPUT VOLTAGE DIFFERENTIAL OF INPUT-OUTPUT VOLTAGE DIFFERENTIAL 




V|n -Vq, input-output VOLTAGE (VOLTS) 



0 ID 20 30 40 50 


V|n-Vo, INPUT OUTPUT VOLTAGE (VOLTS) 


FIGURE 12 - STANDBY CURRENT DRAIN AS 
A FUNCTION OF INPUT VOLTAGE 



10 20 30 40 


Vin, INPUT VOLTAGE (VOLTS) 


FIGURE 13 - LINE TRANSIENT RESPONSE 



FIGURE 14 - LOAD TRANSIENT RESPONSE 


FIGURE 15 - OUTPUT IMPEDANCE AS 
FUNCTION OF FREQUENCY 




100 10k 10 k 100 k IM 
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f, FREQUENCY (Hz) 
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TYPICAL APPLICATIONS (continued) 


FIGURE 22 - +12 V, 1-AMPERE REGULATOR 
USING PNP CURRENT BOOST 


2N379I 
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SWITCHMODE REGULATOR CONTROL CIRCUIT 


SWITCHMODE REGULATOR 
CONTROL CIRCUIT 


The l\/lC3520/3420 is an inverter control unit which provides all 
the control circuitry for PWM push-pull, bridge and series type 
switchmode power supplies. 

These devices are designed to supply the pulse width modulated 
drive to the base of two external power transistors. Other applica¬ 
tions where these devices can be used are in transformerless voltage 
doublers, transformer coupled dc-to-dc converters and other power 
control functions. 

The MC3520 is specified over the military operating range of 
-55°C to -(■125°C. The MC3420 is specified from 0°C to -hTO^C. 

• Includes Symmetrical Oscillator 

• On Chip Pulse Width Modulator, Voltage Reference, 

Dead Time Comparator, and Phase Splitter 

• Output Frequency Adjustable (2 kHz to 100 kHz) 

• Inhibit and Symmetry Correction Inputs Available 

• Controlled Start-Up 

• Frequency and Dead Time are Independently Adjustable 

(0% to 100%) 

• Can be Slaved to Other MC3420s 

• Open Collector Outputs 

• Output Capability 50 mA (Max.) 

• On Chip Protection Against Double Pulsing of Same Output 

During Load Transient Condition 


FIGURE 1-TYPICAL APPLICATION 



SILICON MONOLITHIC 
INTEGRATED CIRCUITS 



L SUFFIX 

CERAMIC PACKAGE 
CASE 620 





PIN CONNECTIONS 


Output 2 
Inhibit/ 

Rext 



H] 

Correction 

Input 

^ext 

2 


H] 

Inhibit 

F/Fout 

P_ 


33 

Osc. 

Output 

PWMout 

[I 


33 

Output 2 

Ramp 

in 

LI. 


33 

Ground 

^Control 

[H 


33 

Output 1 

Dead Time 
Adjust 

7 


33 

< 

O 

n 

Ramp 

Out 

“i" 


“il 

[ ^ref 








ORDERING INFORMATION 


DEVICE PACKAGE 


MC3420P 0to+70°C Pla$tic DIP 

MC3420L 0to+70“c Ceramic DIP 

MC3520L -55to+125°C Ceramic DIP 
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MAXIMUM RATINGS 


Rating 

Symbol 

MC3520 1 MC3420 

Unit 

Power Supply Voltage 

Vcc 

30 

V 

Output Voltage (pins 11 and 13) 

Vout 

40 

V 

Oscillator Output Voltage (pin 14) 

Vl4 

30 

V 

Voltage at pin 4 

V4 

2.0 

V 

Voltage at pins 3 and 8 

Va.Vs 

5.0 

V 

Voltage at pin 5 

V5 

7.0 

V 

Power Dissipation 

pd 

See Thermal Information 

Operating Junction Temperature 

Plastic Package 

Ceramic Package 

Tj 

150 

125 

150 

°C 

Operating Ambient Temperature Range 

Ta 

-55 to +125 

0 to +70 

°C 

Storage Temperature Range 

"Pstg 

-65 to +150 

-65 to +150 

°c 


ELECTRICAL CHARACTERISTICS (Vqc = 10 to 30 V, T/^ = 25°C unless otherwise noted.) 





1 MC3520 1 

1 MC3420 1 


Characteristic 

Figure 

Symbol 

B 

B 

B 

B 

B 

I 

1 Unit 1 


REFERENCE SECTION 


Reference Voltage 
(Iref = 400 pA) 

5 

Vref 

H 

7.8 

8.0 

H 

7.8 

8.2 

V 

Temperature Coefficient of Reference Voltage 

5 

TCVref 

- 

0.008 

0.03 

- 

0.008 

0.03 

%I°C 

(Vcc = 15 V, Iref = 400 pA) 










Input Regulation of Reference Voltage 

5 

R®9(in) 


■1 



■n 

■1 

mV/V 

(Iref = 400 uA) 



- 



- 




1 Ifgf “ 1.0 mA) 



_ I _i 

lE^I 

■■ 

- 

d 

91 



DC SUPPLY SECTION 


Supply Voltage 

5 

Vin 

■9 

- 


mm 

- 

109 

V 

Supply Current 

(Bgxt “ 10 excluding load and current and 

reference current) 

5 

■ 



16 

m 

■ 

22 

mA 


OSCILLATOR SECTION 


Line Frequency Stability 
(f = 20 kHz) 

(f = 20 kHz, Vcc = 15 V, T|ow w Thigh) 

5 

Af 

Af 

■ 

0.03 

H 

■ 

0.04 

H 

% 

%/°C 

Maximum Output Frequency 
(Vcc= 15 V) 

6 

Imax 

100 

200 


100 

200 


kHz 

Minimum Output Frequency 
(Vcc = 15 V) 

6 

Imin 

“ 



- 

1^^ 


kHz 

Oscillator Output Saturation Voltage 
(Il4 sink = 5.0 mA) 

11 

Vosc(sat) 


nggn 



0.2 

0.5 

V 


OUTPUT SECTION 


Output Saturation Voltage 

(II = 40 mA, Thigh 1° Tigw) 

(ll_ = 25 mA, Thigh 1° Tigw) 

■ 

VCE(sat) 

■ 

B 

Bj 

B 


9 

V 

Output Leakage Current 

(VcE = 40 V, pins 11 and 13) 

8 

•CE 



50 



50 

pA 


COMPARATOR SECTION 


Pulse Width Adjustment Range 

9 

APW 

0 

- 

ion 

0 

- 

99 

% 

Dead Time Adjustment Range 

9 

ADT 

0 

- 


0 

- 

99 

% 

Temperature Coefficient of Dead Time 

- 

TCDT 

- 

■Di 

- 

- 

mm 

- 


Comparator Bias Currents 

12,13 

'IB 

- 

5.0 

15 

- 

5.0 

15 

ma 


14 

•iB 

- 

10 

30 

- 

10 

30 

UA 
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ELECTRICAL CHARACTERISTICS (continued) 





I MC3520 I 

I MC3420 I 


Characteristic 

Figure 

Symbol 

a 

9 

a 

1 

I 

Unit 


AUXILIARY INPUTS/OUTPUTS 


Ramp Voltage 

Peak High 

Peak Low 

5 

l^ramplHi) 

Vramp(Low) 


H 

6.5 

2.8 

5.5 

2.0 


6.5 

2.8 

V 

Ramp Voltage Change 

l^ramp Hi “ ^ramp Low) 

5 

■^l^ramp 

3.0 

3.5 

m 



H 

V 

Ramp Out Sink Current 

5 

Uink 

- 

|[QQ| 

- 

- 

IQQ 

- 

mm 

Ramp Out Source Current 

5 

Uource 

- 


- 

- 

wntii 

- 


Inhibit Input Current — High 
(V|h = 2.0 V) 

10 

•iH 

- 

- 

40 

- 

- 

40 

aa 

Inhibit Input Current — Low 
(V|l = 0.8 V) 

10 

l|L 

- 

-25 

-180 

- 


-180 

pA 

Symmetry Correction Input/Output 2 Inhibit Current — High 
(VsY = 2.0 V, pin 16) 

10 

'SY/H 



40 

— 

— 

40 

pA 

Symmetry Correction Input/Output 2 Inhibit Current — Low 
(VsY “ 0-5 V, pin 16) 

10 

•SY/L 

- 

-10 

-180 

— 


-180 

pA 

F/Fout Source Current 

- 

Uource 

- 

2.0 

- 

- 

12:1 

- 



OUTPUT AC CHARACTERISTICS (Ta = Thigh- Vcc = +15 V, f = 20 kHz) 



Rise Time 

15 

tr 

- 

40 

- 

- 

mm 

- 

mm 

Fall Time 

15 

tf 

- 


- 

- 


- 

■9 

Overlap Time 

15 

*ov 

- 

^^3 

- 

- 


- 

■a 

Assymmetry 

(Duty Cycle = 50%) 

15 

*on1 *1002 

loni 


±1.0 

■ 


±1.0 


% 


NOTE; 

Thigh = +125°C for MC3520 
+70°C for MC3420 
T|ow =-55OCforMC3520 
0°C for MC3420 


FIGURE 2-EQUIVALENT CIRCUIT 


Ramp 

Out 


Dead 

Time 

Adjust 


^ref 


Ramp 

In ''control 

5 ? ?6 


Ramp 

Generator 


'^ref 


PWM 
Out 
4^ 




Dead 

Time 


Oscillator 
Output Vqq 
14? 10'' 


> 3c 
ext F/F 


6 12 

Ground 




Output 1 
11 


Output 2 
13 


16 6 Symmetry 
Correction 


Input/Output 2 Inhibit 
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FIGURE 3 - CIRCUIT SCHEMATIC 
(continued next page) 
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(continued) FIGURE 3 - CIRCUIT SCHEMATIC 



Output 



MC3420, MC3520 



MC3420, MC3520 



GENERAL INFORMATION 


The internal block diagram of the IVIC3420 is shown in 
Figure 2, and consists of the following sections: 

Voltage Reference 

A stable reference voltage is generated by the MC3420 
primarily for internal use. However, it is also available 
externally at Pin 9 (Vref) for use in setting the dead 
time (Pin 7) and for use as a reference for the external 
control loop error amplifiers. 

Ramp Generator 

The ramp generator section produces a symmetrical 
triangular waveform ramping between 2.4 V and 6.0 V, 
with frequency determined by an external resistor (Rext) 
and capacitor (Cext) tied from Pins 1 and 2, respectively, 
to ground. 

PWM Comparator 

The output of the ramp generator at pin 8 is normally 
connected to Pin 5, RAMP IN. The PWM (pulse width 
modulation) comparator compares the voltage at Pin 6 
(Vcontrol) 1° the ramp generator output. The level of 
^control determines the outputs' pulse width or duty 
cycle. The duty cycle of each output can vary, exclu¬ 
sive of dead time, from 50% (when Vcontrol 's et 
approximately 2.4 V) to 0% (Vcontrol approximately 
6.0 V). 


Dead Time Comparator 

An additional comparator has been included in MC3420 
to allow independent adjustment of system dead time or 
maximum duty cycle. By dividing down V^cf at Pin 9 
with a resistive divider or potentiometer, and applying 
this voltage to Pin 7, a stable dead time is obtained for 
prevention of inverter switching transistor cross conduc¬ 
tion at high duty cycles due to storage time delays. 

Phase Splitter 

A phase splitter is included to obtain two 180° out of 
phase outputs for use in multiple transistor inverter 
systems. It consists of a toggle flip-flop whose clock 
signal is derived by "ANDing" the output of the PWM 
comparator and a signal from the ramp generator section. 
This "AND" gate ensures that the outputs truly alternate 
under control loop transient conditions. Better under¬ 
standing of this feature and MC3420 operation may be 
gained by studying the circuit waveforms, shown in 
Figure 4. 


FIGURE 4 - INTERNAL WAVEFORMS 


Voltage at - - 

Dead Time J * ^-4 V 
Adjust 


nnnnnrnnnnn 

n _n n 



‘High Level Corresponds to 
Output Transistor 


Illustration of 
Prevention of "Double- 
Pulsed" Outputs During 
Transient Conditions 
By Use of AND Gate 
At F/F Clock Input 
(Transient Output Load) 


I Max. Duty Cycle 
I (Limited By 
I Dead Time Setting) 

I (Low Input 
Voltage and/or 
Heavy Output Load) 


Ramp In, Ramp Out Tied T ogether (Pins 8 & 5) 

PWM Out. Output 2 Inhibit Tied Together (Pins 4 & 16) 
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FIGURE 8 - OUTPUT LEAKAGE TEST CIRCUIT 



+ 10 V o 



FIGURE 9 - OUTPUT DUTY CYCLE TEST CIRCUIT 


+30 V O 



TYPICAL DUTY CYCLE 

TYPICAL DUTY CYCLE 

ver$us DEAD TIME VOLTAGE 

versus PWM VOLTAGE (Vcontrol» 

PIN 7. 

% DUTY 

PIN 6. 

% DUTY 

DEAD TIME 

CYCLE 

^control 

CYCLE 

VOLTAGE (V) 

(FOR EACH 

(DEAD TIME 

(FOR EACH 

<Vcontrol“2.0V) 

OUTPUT) 

VOLTAGE = 1.0 V) 

OUTPUT) 

2.0 

50 

2.0 

50 

2.5 

46 

2.5 

46 

3.0 

40 

3.0 

40 

3.5 

33 

3.5 

33 

4.0 

26 

4.0 

26 

4.5 

18 

4.5 

18 

5.0 

11 

5.0 

11 

5.5 

4.0 

5.5 

4.0 

6.0 

0 

6.0 

0 



Vg 

1 1 



1 Volts 1 


100% Adjust 





Dead Time 

1.0 


1.0 

(Pin 11 + Pin 13 = Logic "1") 

Pulse Width 

1.0 


1.0 

0% Adjust 


■ 

■ 


Dead Time 

7.0 

1 

H 

(Pin 11 )(Pin 13) = Logic "1" 

Pulse Width 

1.0 

L_ 

7.0 
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FIGURE 12 - Vcontrol BIAS CURRENT TEST CIRCUIT 
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FIGURE 13 - DEAD TIME BIAS CURRENT TEST CIRCUIT 



FIGURE 14 - RAMP IN BIAS CURRENT TEST CIRCUIT 


+30 V O 



FIGURE 15 - AC TEST CIRCUIT AND WAVEFORMS 

+ 15 



MC3420 
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TYPICAL CHARACTERISTICS 


FIGURE 16 - OUTPUT SATURATION VOLTAGE 
versus LOAD CURRENT 


FIGURE 17 - REFERENCE VOLTAGE versus 
REFERENCE CURRENT 



II. LOAO current (mA) 


FIGURE 18 - DRAIN CURRENT versus 
EXTERNAL RESISTANCE 



0 05 10 15 20 

l,ef, REFERENCE CURRENT (mA) 


FIGURE 19 - PEAK FLIP-FLOPout VOLTAGE 
versus EXTERNAL RESISTANCE 





5 0 10 15 20 25 5 0 10 15 20 25 

Rext, EXTERNAL RESISTANCE (kn) Rext. EXTERNAL RESISTANCE (kn) 


FIGURE 20 - DRAIN CURRENT versus TEMPERATURE 



-50 -25 0 +25 +50 +75 +100 +125 

T/v, AMBIENT TEMPERATURE (“C| 


FIGURE 21 - REFERENCE VOLTAGE TEMPERATURE 
COEFFICIENT versus OUTPUT CURRENT 



0.01 0.1 1.0 10 


REFERENCE OUTPUT CURRENT (mA) 
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OPERATION AND APPLICATIONS INFORMATION 


The Voltage Reference 

The temperature coefficient of V^gj has been optimized 
for a 400 pA (=20 kS2) load. If increased current capa¬ 
bility is required, an op amp buffer may be used, as 
shown in Figure 22. 


Dead Time 

Figure 24 illustrates how to set or adjust the MC3420 
outputs' dead time or maximum duty cycle. For mini¬ 
mum dead time drift with temperature or supply voltage, 
Vd.T. should be derived from V^ef as shown. 



FIGURE 22 



Output Frequency 

The values of Rgxt Cext ^ S'ven output frequency, 
fo, can be found from: 


fo 2 - —Q^;5.0kn<Rext<20 kn(Eq. 1) 
“ext ^ext 

or from the graph shown in Figure 23. 

Note that fg refers to the frequency of Output 1 (Pin 
111 or Output 2 (Pin 13). The frequency of the ramp 
generator output waveform at Pin 8 will be twice fg. 



Connections to the pjn 

In many systems, it is necessary to make multiple con¬ 
nections to the Vcontrol P'ri in order to implement 
features in addition to voltage regulation such as current 
limiting, soft start, etc. These can be made by the use of 
a simple "diode-OR" connection, as shown in Figure 25. 
This allows whichever control element is seeking the 
lowest PWM duty cycle to dominate. Note that a re¬ 
sistor, R1, whose value is < 50 kf2 is placed from the 
Vcontrol to ground. This is necessary to provide a dc 
path for the PWM comparator input bias current under 
all conditions. 

The system duty cycle is given by; 



2 k 10 k 20 k 100 k 

V OUTPUT FREQUENCY (Hzl 


D.C. (%) S 


^Control ~ ^ 
4 


X 100 


(Eq. 2) 
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Soft Start 

In most PWM switching supplies, a soft start feature is 
desired to prevent output voltage overshoots and magne¬ 
tizing current imbalances in the power transformer 
primary. This feature forces the duty cycle of the 
switching elements to gradually increase from zero to 
their normal operating point during initial system power- 
up or after an inhibit. This feature can be easily imple¬ 
mented with the MC3420. One method is shown in 
Figure 26. 


After an inhibit command or during power-up, the volt¬ 
age on R1 and Pin 6 exponentially decays from Vcc 
toward ground with a time constant of R 1 C 1 , allowing a 
gradual increase in duty cycle. Diodes D2 — D4 provide 
a diode-or function at the Vcontrol while Q1 serves 
to reset the timing capacitor. Cl, when an inhibit com¬ 
mand is received thereby reinitializing the soft-start 
feature. D1 allows Cl to reset when power (Vcc) is 
turned off. 


Inrush Current Limiting 

Since many PWM switching supplies are operated directly 
off the rectified 110 Vac line with capacitive input 
filters, some means of preventing rectifier failure due to 
inrush surge currents is usually necessary. One method 
which can be used is shown in Figure 27. 

In this circuit, a series resistor, R 5 , is used to provide 
inrush surge current limiting. After the fii;er capacitor. 
Cl, is charged, Q1 receives a trigger signal from the con¬ 
trol circuitry through T 1 and shorts Rs out of the cir¬ 
cuit, eliminating its otherwise, larger power dissipation. 
The trigger signal for Q1 may be derived from either the 
oscillator output (Pin 14) or one of the MC3420’s out¬ 
puts. If the oscillator output is used, it will be necessary 


FIGURE 27 


to provide a time delay on the inhibit pm to keep it low 
until the input filter capacitor. Cl, has had time to 
charge, whereas the initial portion of the soft start 
timing cycle can be used for this delay if this signal is 
derived from one of the output pins. However, using the 
Oscillator Output Pin does offer the advantage that its 
waveform has a constant 50% duty cycle, independent 
of the outputs' duty cycle which can simplify the design 
of a drive circuit for T1. 

Slaving 

In some applications, as when one PWM inverter/con¬ 
verter is used to feed another, it may be desired that 
their frequencies be synchronized. This can be done 
with multiple MC3420s as shown in Figure 28. By 
omitting their Rgxt Cext. to two MC3420smay 
be slaved to a master MC3420. 

FIGURE 28 - SLAVING THE MC3420 




FIGURE 26 
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15 V, 2 A DC-to-DC Converter 

Figure 29 illustrates the use of the MC3520 in a PWM 
switching power supply utilizing a single series switching 
element (see Appendix for description of PWM switching 
supply configurations). The series switching transistor, 
Q1, chops the dc input voltage, Vjp, at a frequency of 
s 25 kHz, and the resulting waveform is filtered by LI 
and Cl to provide the dc output voltage. The frequency 
is set by R4 and C3, and since the outputs of the 
MC3520 are wire-ORed together, fo is twice that given 
by Equation 1 and Figure 23. Vq is regulated by com¬ 
paring its value to the MC3520's reference voltage and 
amplifying the error voltage with U1. The output of U1 
is fed into the MC3520 to provide PWM to Q1, thereby 
controlling its duty cycle and thus the value of Vq. 

C2 provides a soft-start feature during power up to 
prevent output voltage overshoots and excessive start up 
currents through Q1. 

Short circuit protection is provided by Rgc* and 
Q4. When an overcurrent condition occurs, Q3 is turned 
on by the voltage across R 5 Q; Q3 drives Q4 on, which 
raises the voltage at pin 6 (Vcornfoi) of the MC3520, 
reducing Ql's duty cycle and maintaining a constant 
output current of s 2.5 A. 

5 V, 50 A Line-Operated Supply 

A 5 V, 50 A line-operated 20 kHz switching power 
supply using the MC3520 is shown in Figures 30a and b. 
An explanation of the operation of each section of the 
supply follows. 

Input Section 

The 120 Vac line is full wave voltage doubled by CR1, 
CR2, Cl and C2 to provide 310 Vdc to the power 
section of the supply. Inrush surge current limiting is 
provided by R1, which is shorted out of the circuit by 
Q1 after Cl and C2 are initially charged. 

Power Section 

The supply utilizes two switching transistors, Q2 and 
Q3, in a half-bridge configuration (see Appendix) to 
drive the high frequency power transformer, T2. 

The bases of Q2 and Q3 are driven by T3 and T4, 
respectively, to provide isolation from the control and 
base drive sections of the supply. CR3, CR5, CR 6 , and 
CRB constitute anti-saturation (Baker) clamps which 
provide increased and more uniform switching speeds for 


Q2 and Q3. CR4 and CR7 allow reverse base currents 
during turn off. 

Output Section 

The output of T2 is rectified by Schottky diodes, 
CR9 and CR10. VR1 is a transient suppressor to protect 
CR9 and CR10 from transients that might cause reverse 
breakdown. LI and C4 constitute the output filter. C4 
should have very low ESR (equivalent series resistance) 
at 20 kHz to provide the most effective filtering. L2 and 
C5 make up a high-frequency filter to reduce com¬ 
mutation spikes which pass LI due to its interwinding 
capacitance. RgQ provides output overcurrent sensing 
to the control section. 

Control Section 

The MC3520 provides the PWM control for the 
supply. R2 is adjusted to obtain a 20 kHz operating 
frequency. R3 adjusts the dead time (s 5 ps each half¬ 
cycle). U1A and U1B are the output current and output 
voltage error amplifiers, respectively. R5 sets the output 
voltage while R4 determines the output current limit. 
C7 and C 8 are the current and voltage loop compensa¬ 
tion capacitors. 

C 6 provides the soft-start feature while 04 ensures a 
soft-start after each system inhibit (pin 15 low). 

Base Drive Section 

Turn on drive to the power section switching transis¬ 
tors occurs when each of the outputs of the MC3520 
saturate. Q5 or Q 6 are therefore turned on, and 15 V 
applied to the primaries of T3 or T4, supplying forward 
base drive to Q2 or Q3. 

Turn off drive occurs when Q5 or Q 6 turn off, and 
the magnetizing energy stored in T3 or T4's core is 
transformed into a negative "flyback" voltage at their 
secondaries, providing reverse base drive to Q2 or Q3. 
CR11 and CR12 act as clamps, to prevent this flyback 
voltage from exceeding -5 V at T3 or T4's secondary 
(30 V on Q5 or Q 6 's collector). 

Q1 Driver Section 

Q7 and T1 provide the gate drive to Q1. Q7 starts 
operating after an initial delay of 100 ms created by the 
soft-start circuit, thereby allowing Cl and C2 to charge 
up before firing Q1. 
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IVIC3420, IV1C3520 



INPUT SECTION 




100 . 1 , 

140 - 
VAC ‘ 


5 6 K < 

5 W ? 'T 
1800 


5 6 K| JL 

®|180o[ 
200 


OUTPUT SECTION 
IN5349 
12 V 

CR9 I-?-tCF 

IN5833 . IN 


+J_8 2I +J 

;t=5ws ^ 


i(2)IN4001 -,-3 



CR 8 


LOW VOLTAGE 
POWER SUPPLY 



Unless otherwise noted, values shown are UF or ohms and resistors are 1/4 watt. 


2N6546 

SPRAGUE 66Z930 
CORE FERROXCUBE K5-350-11-3E 
No = 33T , 0 6 mm DIA WIRE 
N 5 = 2T., 1 X 6 mm FLAT WIRE 
CORE FERROXCUBE 1811 P L00-3B7 
Np=2x60T,0 25 mm DIA WIRE 
Ns = 15T,05mmDIA. WIRE 
TRIAD F-91X, 30 VCT, 300 mA 


Performance 


Line Regulation: 

0.4% 

Load Regulation: 

0.25% 

Output Ripple and Noise: 

60 mV p-p 

25 mV rms 

Line current surge at turn-on: 

35 A max 

Efficiency: 

80% 
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FIGURE 30b 




APPENDIX: BASIC PWM SWITCHING SUPPLY POWER CIRCUIT CONFIGURATIONS 


The material given in this section is intended to ac¬ 
quaint the designer with the basic switching transistor 
configurations used in PWM power supplies. Circuit con¬ 
figurations, collector voltage and current waveforms of 
the switching transistors, and required transistor speci¬ 
fications for the most commonly utilized configurations 
are shown in Figures 1A through 4A. It should be noted 
that the waveforms and specifications are idealized, in 
that the effects of leakage inductance voltage spikes, 
stray circuit capacitance, snubber networks, clamp diode 
overshoots, diode reverse recovery and saturation volt¬ 
ages have been neglected. For more information on 
these effects, the configurations, or switching supplies in 
general, consult the references listed in the References 
section. 


Series Configuration 

The single transistor series configuration is shown in 
Figure 1 A. This configuration is usually limited to appli¬ 
cations in which 0.2 Vqq < Vq < 0.8 Vqq and where 
input-output isolation is not required. 

Push-Pull Configuration 

Figure 2A shows the two-transistor push-pull configu¬ 
ration. Unlike the series configuration, it can be used to 
either step-up or step-down the input voltage, Vqq, and 
also provides input-output isolation. It does, however, 
have the disadvantage that additional circuitry must be 
used to provide symmetry correction for the prevention 
of transformer saturation. 
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Half-Bridge Configuration 

The half-bridge configuration, shown in Figure 3A, 
does not suffer from the symmetry problems of the 
push-pull configuration since the transformer primary is 
capacitively coupled. This prevents transformer core 
saturation since no net dc current is allowed to flow in 
its primary. / 

Note that for the same input power, bus voltage, and 
duty cycle, the half-bridge requires switching transistors 


which have twice the current and half the voltage require¬ 
ments as those of the push-pull configuration. 

Full-Bridge Configuration 

By replacing the bridge capacitors, C, of the half¬ 
bridge configuration of Figure 4A results. With this 
configuration, double the power of the half-bridge con¬ 
figuration can be obtained at the expense of two addi¬ 
tional switching transistors and their associated circuitry. 


ABBREVIATIONS USED IN FIGURES 1A THROUGH 4A 


Switching transistor collector current 

'^CE^ 

Switching transistor collector-to-emitter-voltage 

^in- 

Average input power 

O.C.: 

Inverter duty cycle 

'^CC- 

DC bus voltage 

VcEO(sus) = 

Vqe that transistor must withstand during 
turn-on 

VcEX: 

Vqe that transistor must block during non¬ 
conduction period. 


FIGURE 1A - SERIES CONFIGURATION 



TRANSISTOR REQUIREMENTS* 

Ic > 'o 

VcEOisuj) ^ ''CC 
VCEX > Vcc 

*See explanation of abbreviations In text. 
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FIGURE 3A - HALF-BRIOGE CONFIGURATION 


Vcc H-r 


0.5 Vcc --1 


'o/N-h^ + - J. 


TRANSISTOR REQUIREMENTS* 

2 X Pjn 

ic >- 


'^CEO(sus) > Vcc/2 


*See explanation of abbreviations in text. 


FIGURE 4A - FULL-BRIDGE CONFIGURATION 






TRANSISTOR REQUIREMENTS* 

I’in 

Ic > - 

D.C. X Vcc 
VCEOlsus) ^ Vcc 
VcEX > Vcc 

*See explanation of abbreviations in text. 


REFERENCES 

More detailed information on switching power sup¬ 
plies may be obtained by consulting the following articles: 


1. L. Jansson: "A Survey of Converter Circuits for 
SMPS," Mullard Technical Communications #119, 
July 1973. 

2. R. Haver: "A New Approach to Switching Regulators," 
Motorola AN-719, May 1974. 

3. R. Haver: "Switched Mode Power Supplies, a 5 V, 
40 A Design," Motorola AN-737, December 1974. 

4. W. Hersom: "Optimizing the High Current Transistor 
Converter," Solid State Power Conversion, March/ 
April 1975. 

5. W. Hirshberg: "Simplify Converter Designs with Fly¬ 
back," Solid State Power Conversion, March/April 
1975. 

6 . P. Wood: "Design of a 5 V, 100 Watt Power Supply, 
TRW AN #122, February 1975. 

7. J. Turnbull: "Radio Frequency Interference Sup¬ 
pression in SMPS," Ferroxcube AN-F601. 


8 . W. Hetterscheid: "Base Circuit Design for High- 
Voltage Switching Transistors in Power Converters," 
Mullard Technical Communications (North American 
Phillips) #473, November 1974. 

9. B. George: "6 V 100 A Switched-Mode Power Supply 
Operating Directly from the Mains," Mullard Techni¬ 
cal Communications (North American Phillips) #123, 
July 1974. 

10. B. Bailey: "Circuit Design and Semiconductor Selec¬ 
tion for Square-Wave and Sine-Wave Inverters,"/’roc. 
of Powercon 2, October 1975. 

11. B. Bailey: "Safe Reverse Bias Operation—A New 
Approach," Proc. of Powercon 3, June 1976. 

12. Gutmann and Suva: "A Line-Operated, Regulated 
5 V/50 A Switching Power Supply," Motorola 
AN-767, September 1976. 


4 - 1 9F> 









MC7800 

Series 


Advance Information 


3-TERMINAL POSITIVE VOLTAGE REGULATORS 

These voltage regulators are monolithic integrated circuits de¬ 
signed as fixed-voltage regulators for a wide variety of applications 
including local, on-card regulation. These regulators employ internal 
current limiting, thermal shutdown, and safe-area compensation. 
With adequate heatsinking they can deliver output currents in excess 
of 1.0 ampere. Although designed primarily as a fixed voltage 
regulator, these devices can be used with external components to 
obtain adjustable voltages and currents. 

• Output Current in Excess of 1.0 Ampere 

• No External Components Required 

• Internal Thermal Overload Protection 

• Internal Short-Circuit Current Limiting 

• Output Transistor Safe-Area Compensation 

• Output Voltage Offered in 2% and 4% Tolerance 


ORDERING INFORMATION 



THREE-TERMINAL 
POSITIVE FIXED 
VOLTAGE REGULATORS 


KSUFFIX 
METAL PACKAGE 
CASE 1 
(TO-3TYPE) 


PIN 1. INPUT 
2. OUTPUT 
CASE GROUND 



T SUFFIX 
PLASTIC PACKAGE 
CASE 221A 
TO-220 TYPE 


PIN 1. INPUT 2 

2. GROUND 3 

3 OUTPUT 



STANDARD APPLICATION 



Device 

Output Voltage 
Tolerance 

Temperature Range 

Package 

MC78XXK 

4% 

-55 to +150°C 

Metal Power 

MC78XXAK 

2% 



MC78XXCK 

4% 

0to-H25°C 


MC78XXACK 

2% 



MC78XXCT 

4% 


Plastic Power 

MC78XXACT 

2% 





A common ground is required between the 
input and the output voltages. The input volt¬ 
age must remain typically 2.0 V above the out¬ 
put voltage even during the low point on the 
input ripple voltage. 

XX = these two digits of the type number indi¬ 
cate voltage. 

* = C|n is required if regulator is located an 
appreciable distance from power supply 
filter. 

** = Co is not needed for stability; however, 
it does improve transient response. 

XX indicates nominal voltage 


TYPE NO'A/OLTAGE 


MC7805 5.0 Volts MC7815 

MC7806 6.0 Volts MC7818 

MC7808 8.0 Volts MC7824 

MC7812 12 Volts 
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MC7800 Series 


MC7800 Series MAXIMUM RATINGS (T/\ = +25°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Input Voltage (5.0 V - 18 V) 

Vin 

35 

Vdc 

(24 V) 


40 


Power Dissipation and Thermal Characteristics 




Plastic Package 




Ta = +25°C 

Pd 

Internally Limited 

Watts 

Derate above Ta = +25°C 

1/0JA 

15.4 

mW/°C 

Thermal Resistance, Junction to Air 

®JA 

65 

°C/W 

Tc = +25°C 

Pd 

Internally Limited 

Watts 

Derate above Tq = -tOB^C (See Figure 1) 

1/0JC 

200 

mW/°C 

Thermal Resistance, Junction to Case 

djc 

5.0 

°C/W 

Metal Package 




Ta = +25°C 

Pd 

Internally Limited 

Watts 

Derate above Ta = +25°C 

1/0JA 

22.5 

mW/°C 

Thermal Resistance, Junction to Air 

®JA 

45 

°C/W 

Tc = +25°C 

Pd 

Internally Limited 

Watts 

Derate above Tc = +65°C (See Figure 2) 

1/9jC 

182 

mW/°C 

Thermal Resistance, Junction to Case 

®JC 

5.5 

°C/W 

Storage Junction Temperature Range 

^stg 

—65 to •H50 

“C 

Operating Junction Temperature Range MC7800, A 

Tj 

-55 to -H50 

°C 

MC7800C, AC 


0 to -H50 



DEFINITIONS 


Line Regulation — The change in output voltage for a change in 
the input voltage. The measurement is made under conditions of 
low dissipation or by using pulse techniques such that the average 
chip temperature is not significantly affected. 

Load Regulation — The change in output voltage for a change in 
load current at constant chip temperature. 

Maximum Power Dissipation — The maximum total device dissi¬ 
pation for which the regulator will operate within specifications 


Quiescent Current — That part of the input current that is not 
delivered to the load 

Output Noise Voltage — The rms ac voltage at the output, with 
constant load and no input ripple, measured over a specified fre¬ 
quency range 

Long Term Stability - Output voltage stability under accelerated 
life test conditions with the maximum rated voltage listed in the 
devices' electrical characteristics and maximum power dissipation. 


A.107 



























MC7800 Series 




MC7805, C 

ELECTRICAL CHARACTERISTICS 


Output Voltage (Tj = +25°C) 


Output Voltage 

(5.0 mA< lo< 1.0A, Po< 15W) 
7.0 Vdc < V|n < 20 Vdc 
8.0 Vdc < V,n < 20 Vdc 


Line Regulation (Tj = +25°C, Note 2) 
7 0 Vdc < V|n < 25 Vdc 
8.0 VdcC V.n < 12 Vdc 


Load Regulation (Tj = +25°C. Note 2) 
5.0 mA< lo< 1.5A 
250 mA < Iq < 750 mA 


Quiescent Current (Tj = +25°C) 


Quiescent Current Change 
7.0 Vdc < V|n C 25 Vdc 
8 0 Vdc < V|n < 25 Vdc 
50mA< lo< 1.0A 


Ripple Rejection 

8.0 Vdc < V,n < 18 Vdc, f = 120 Hz 


Dropout Voltage (Iq = 1.0 A, Tj = +25°CI 


Output Noise Voltage (T/^ = +25°C) 
10 Hz < f < 100 kHz 


Output Resistance f = 1.0 kHz 


Short-Circuit Current Limit (T/^ * •r25°C) 
V|n = 35 Vdc 


Peak Output Current (Tj = ■r25°C) 


Average Temperature Coefficient of 
Output Voltage 


IVIC7805A, AC 

ELECTRICAL CHARACTERISTICS 


Output Voltage (Tj = ■»'25°C) 


Output Voltage 

(5 0 mA < Iq < 1.0 A, Pq < 15 W) 
7.5 Vdc < V|n < 20 Vdc 


Line Regulation (Note 21 

7 5 Vdc < V|n < 25 Vdc, Iq = 500 mA 
8.0 Vdc< V,n< 12 Vdc 

8 0 Vdc < V|n < 12 Vdc. Tj = ■l•25°C 
7 3 Vdc < V,n < 20 Vdc, Tj = ■t25°C 


Load Regulation (Note 2) 

5 0mA< lo< 1.5A 
5 0mA< lo< 1.0 A 
5.0 mA < Iq < 1.5 A, Tj = -^25°C 
250 mA < Iq < 750 mA 


Quiescent Current 


' 10V, Iq = 500 mA, Tj - Tjow 1o "^hich (Note 1) unless otherwise noted). 





10 V, Iq * 1 0 A, Tj ” Tjovv *o Thigh (No'6 1) unless otherwise noted) 





Tj = -I- 25°C 


Quiescent Current Change 

8 0 Vdc < V|n < 25 Vdc, Iq = 500 mA 
7.5 Vdc < V|n < 20 Vdc, Tj = ■l■25°C 
5.0 mA < Iq < 1.0 A 


Ripple Rejection 

8.0 Vdc < V.n < 18 Vdc, f = 120 Hz, 
Tj = ■^25°C 

8 0 Vdc < V,n < 18 Vdc, f = 120 Hz, 
Iq “ 500 mA 


Dropout Voltage do = 1 0 A, Tj = •t25°C) 


Output Noise Voltage (T/\ = •r25°CI 
10 Hz < f < 100 kHz 


Output Resistance (f = 1 0 kHz) 


Short-Circuit Current Limit (T/\ = -|■25°C) 
V,n = 35 Vdc 


Peak Output Current (Tj = -h25°C) 


Average Temperature Coefficient of Output Voltage 


Notes 1. T|o^ = -55°CforMC78XX,A 
= 0°C for IVIC78XXC, AC 

Thigh = +150°C for IVIC78XX, A 
= -H25°C for IVIC78XXC. AC 

2. Load and line regulation are specified at constant junction temperature. Changes in Vq due to heating effects must be taken 
into account separately. Pulse testing with low duty cycle is used. 
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MC7800 Series 



MC7806, C 

ELECTRICAL CHARACTERISTICS 


Output Voltage (Tj = +25°C) 


Output Voltage 

(5.0rTiA< lo< 1.0A. Po< 15W) 
8.0 Vdc < V|n < 21 Vdc 
9.0 Vdc < V|n < 21 Vdc 


Line Regulation (Tj = +25°C, Note 21 
8.0 Vdc < V,n < 25 Vdc 
9 0 Vdc < V,n < 13 Vdc 


Load Regulation (Tj = +25°C, Note 2) 
5 0 mA < Iq < 1 5 A 
250 mA < Iq < 750 mA 


Quiescent Current (Tj = +25°C) 


Quiescent Current Change 
8.0 Vdc < V|n 25 Vdc 
9.0 Vdc < V|n 25 Vdc 
5 0 mA < Iq < 1.0 A 


Ripple Rejection 

9.0 Vdc < V|n < 19 Vdc, f = 120 Hz 


Dropout Voltage (Iq * 1.0 A, Tj = +25°C) 


Output Noise Voltage (T/^ = +25°C) 
10 Hz < f < 100 kHz 


Output Resistance (f - 1.0 kHz) 


Short-Circuit Current Limit (T/\ = +25°CI 
V|n = 35 Vdc 


Peak Output Current (Tj = +25°C) 


Average Temperature Coefficient of Output Voltage 


IVIC7806A, AC 

ELECTRICAL CHARACTERISTICS (V,n- 


Line Regulation (Note 2) 

8.6 Vdc < V,n < 25 Vdc, Iq - 500 mA 
9.0 Vdc < V|n < 13 Vdc 
9.0 Vdc < V|n < 13 Vdc, Tj = +25°C 
8.3 Vdc •; V|n < 21 Vdc, Tj = +250C 


Load Regulation (Note 21 
5 0 mA < Iq < 1 5A 
5 0 mA < Iq ^ 1.0 A 
5.0 mA«; lo< 1.5A,Tj = -l-25°C 
250 mA < Iq < 750 mA 


Quiescent Current 


11 V, Iq = 500 mA, Tj = Tjoj^^ to Tj,|gj, (Note 1) unless otherwise noted.I 


MC7806 MC7806C 



11 V, Iq “ 1 0 A, Tj = T|o,y to Thigh (Note 11 unless otherwise noted.) 




Tj = +25°C 



Quiescent Current Change 

9.0 Vdc < V,n < 25 Vdc, Iq = 500 mA 
8.6 Vdc < V,n < 21 Vdc, Tj = +25°C 
5.0mA< lo< 1 OA 


Ripple Rejection 

9.0 Vdc < V,n < 19 Vdc, f = 120 Hz, 
Tj = -t25°C 

9 0 Vdc < V,n < 19 Vdc, f = 120 Hz, 
Iq = 500 mA 


Dropout Voltage (Iq “ 1 0 A, Tj = •^25°C) 


Output Noise Voltage (T/\ = +25°C) 
10 Hz < f C 100 kHz 


Output Resistance (f = 1 0 kHz) 


Short-Circuit Current Limit (T/\ = ■^25°C) 
Vin = 35 Vdc 


Peak Output Current (Tj = +25°C) 


Average Temperature Coefficient of Output Voltage 


Notes:). Tjow =-55°C for MC78XX, A 
= 0°C for MC78XXC, AC 

Thigh = +150°C for MC78XX, A 
= •H25°C for MC78XXC, AC 

2. Load and line regulation are specified at constant junction temperature. Changes in Vq due to heating effects must be taken 
into account separately. Pulse testing with low duty cycle is used. 






























































































































MC7800 Series 




MC7808, C 

ELECTRICAL CHARACTERISTICS (Vm - 14 V, Iq - 500 mA, Tj = Tioy,, to T|,;gh (Note 1) unless otherwise noted.) 


MC7808 MC7808C 


Output Voltage (Tj = +25°C) 


Output Voltage 

( 5.0 mA < Iq < 1.0 A, Pq < 15W) 

10.5 Vdc < V|n < 23 Vdc 

11.5 Vdc < V|n < 23 Vdc 


Line Regulation (Tj = +25°C, Note 2) 
10.5 Vdc< V|n < 25 Vdc 
11 VdcC V|n«; 17 Vdc 


Load Regulation (Tj = +25°C, Note 2) 
5.0 mA < Iq < 1.5 A 
250 mA < Iq < 750 mA 


Quiescent Current (Tj = +25°C) 


Quiescent Current Change 
10 5 Vdc < V|n 25 Vdc 
11.5 Vdc< V|n 25 Vdc 
5.0mA< lo< 1 OA 


Ripple Rejection 

11.5 Vdc < V,n < 21.5 Vdc, f = 120 Hz 


Dropout Voltage (Iq “ 1.0 A, Tj = +25°C) 


Output Noise Voltage (T/\ = +25°C) 
10 Hz < f < 100 kHz 


Output Resistance (1 = 1.0 kHz) 


Short-Circuit Current Limit (T/\ = ■^25°C) 
V,n = 35 Vdc 


Peak Output Current (Tj = +25 C) 


Average Temperature Coefficient of Output Voltage 


IVIC7808A, AC 

ELECTRICAL CHARACTERISTICS (Vm = 14 V, Iq = 1.0 A, Tj - Tj^j^ to Tjugj, (Note 1) unless otherwise noted.) 


I MC7808A I MC7808AC 

Characteristic Symbol 


Output Voltage (Tj = +25°C) 


Output Voltage 

(5 0mA< lo< 1.0A. Po< 15W) 
10.6 Vdc < V,n < 23 Vdc 


Line Regulation (Note 2) 

10 6 Vdc < V|n < 25 Vdc, Iq = 500 mA 

11 Vdc < V|n < 17 Vdc 

11 Vdc < V|n < 17 Vdc, Tj = +25°C 
10 4 Vdc C V,n < 23 Vdc, Tj = +25°C 


Load Regulation (Note 2) 

5 0 mA < Iq < 1 5A 

5 0 mA < Iq < 1.0 A 

5.0 mA « Iq < 1.5 A, Tj = +25°C 

250 mA < Iq < 750 mA 


Quiescent Current 




Quiescent Current Change 

11 Vdc < V,n < 25 Vdc, Iq = 500 mA 
10 6 Vdc < V|n < 23 Vdc, Tj = +25°C 
5.0 mA < Iq < 1.0 A 


Ripple Rejection 

11.5 Vdc < V,n < 21.5 Vdc, f = 120 Hz. 
Tj = +25°C 

11.5 Vdc < V,n < 21.5 Vdc.f = 120 Hz, 
Iq “ 500 mA 


Dropout Voltage (Iq “ 1.0 A, Tj = +25^0 


Output Noise Voltage (T/^ +25®C) 

10 Hz < f < 100 kHz 


Output Resistance {f = 1.0 kHz) 


Short-Circuit Current Limit (Ta = +25°C) 
V,n = 35 Vdc 


Peak Output Current (Tj = +25°C) 


Average Temperature Coefficient of Output Voltage 


Notes 1. T|ow=-55°CforlVIC78XX, A 
= OOQ for MC78XXC, AC 

Thigh = +150°C for MC78XX, A 
= +125°C for MC78XXC, AC 

2. Load and line regulation are specified at constant junction temperature. Changes m Vq due to heating effects must be taken 
into account separately. Pulse testing with low duty cycle is used. 
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MC7800 Series 



MC7812, C 

ELECTRICAL CHARACTERISTICS (Vm = 19 V. Iq = 500 mA,Tj = T|oy„ to T[,igh (Note 1) unless otherwise noted.) 


Output Voltage (Tj = +25°C) 


Output Voltage 

(5.0 mA< lo< 1.0A,Po< 15W) 

14.5 Vdc< V|n < 27 Vdc 

15.5 Vdc < V,„ < 27 Vdc 


Line Regulation (Tj » +25°C, Note 2) 
14.5 Vdc< V|n < 30 Vdc 
16Vdc< V|n<22 Vdc 


Load Regulation (Tj = +25°C, Note 2) 
5.0 mA< lo< 1.5 A 
250 mA < Iq < 750 mA 


Quiescent Current (Tj = +25°C) 


Quiescent Current Change 
14 5 Vdc < V|n < 30 Vdc 
15 Vdc < V,n < 30 Vdc 
5 0mA< lo< 1.0A 


Ripple Rejection 

15 Vdc < V|r, < 25 Vdc, f = 120 Hz 


Dropout Voltage (Iq = 1.0 A, Tj = +25“C) 


Output Noise Voltage (T/^ = +25°C) 
10 Hz < f < 100 kHz 


Output Resistance (f = 1.0 kHz) 


Short-Circuit Current Limit (T/^ = +25°C) 
V,n = 35Vdc 


Peak Output Current (Tj = +25°C) 


Average Temperature Coefficient of Output Voltage 


IVIC7812A, AC 

ELECTRICAL CHARACTERISTICS (V,n = 



■ 19 V, Iq = 1.0 A, Tj = Tjoj^ to Tj„gh (Note 1) unless otherwise noted.) 


Characteristic 

Symbol 

MC7812A 

MC7812AC 

Unit 


■199 


Typ 

BSSSi 

Output Voltage (Tj = +25°C) 

Vo 

BIKrL-M 

12 


12 


Vdc 

Output Voltage 

( 5 0 mA < Iq < 1.0 A, Pq < 15W) 

14.8 Vdc < V,n < 27 Vdc 

Vo 

11.5 

12 

12.5 

11.5 

12 

12.5 

Vdc 


Line Regulation 

14 8 Vdc < V|n < 30 Vdc, Iq = 500 mA 
16 Vdc < V,n < 22 Vdc 
16 Vdc < V|n < 22 Vdc, Tj = +25°C 
14 5 Vdc < V,n < 27 Vdc, Tj = +25°C 


Load Regulation (Note 2) 

5.0 mA < Iq < 1.5A 

5.0mA < lo< 1 0 A 

5.0 mA < Iq < 1 5 A, Tj = +25°C 

250 mA < Iq < 750 mA 


Quiescent Current 
Tj = +25°C 


Quiescent Current Change 

15 Vdc < V,n < 30 Vdc, Iq = 500 mA 
14.8 Vdc < V|n <S 27 Vdc, Tj = +25°C 
5.0 mA< lo< 1.0 A 


Ripple Rejection 

15 Vdc< V,n < 25 Vdc, f = 120 Hz, 
Tj = -^25°C 

15 Vdc < V|n < 25 Vdc, f = 120 Hz, 
Iq = 500 mA 


Dropout Voltage (Iq = 1 0 A, Tj = +25°C) 


Output Noise Voltage (T/\ = +25°C) 
10 Hz < f < 100 kHz 


Output Resistance (f = 1.0 kHz) 


Short-Circuit Current Limit (T/t = +25°C) 
V|n - 35 Vdc 


Peak Output Current (Tj = ■r25°C) 


Average Temperature Coefficient of Output Voltage 


Notes 1. T|ow = -55°CforMC78XX,A 
= 0°C for n/lC78XXC, AC 
Thigh = ■H50°C for MC78XX, A 
= -n 25°C for rviC78XXC, AC 

2 Load and line regulation are specified at constant junction temperature. Changes in Vq due to heating effects must be taken 
into account separately. Pulse testing with low duty cycle is used. 
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MC7800 Series 



■ 23 V, to “ 500 mA, Tj = Tjo,^ to T(,igh (Note 1) unless otherwise noted ) 


I MC7S15 I IVIC7815C 

Symbol 




IVIC7815, C 

ELECTRICAL CHARACTERISTICS 


Output Voltage (Tj = +25°C) 


Output Voltage 

(5 0mA < Iq < 1.0 A, Pq < 15W) 

17 5 Vdc < V|n < 30 Vdc 

18 5 Vdc < V|n < 30 Vdc 


Line Regulation (Tj = +25 C, Note 2) 
17 5 Vdc < V|n < 30 Vdc 
20 Vdc < V,n < 26 Vdc 


Load Regulation (Tj = +25°C, Note 2) 
5 0 mA < Iq < 1 5 A 
250 mA < Iq < 750 mA 


Quiescent Current (Tj = +25°C) 


Quiescent Current Change 

17 5 Vdc < V|n< 30 Vdc 

18 5 Vdc < V|n < 30 Vdc 
5 0 mA < Iq ^ 1 0 A 


Dropout Voltage (Iq = 1 0 A, Tj = +25°C) 


Output Noise Voltage (T/\ = +25°C) 
10 Hz < f < 100 kHz 


Output Resistance (f * 1 0 kHz) 


Short-Circuit Current Limit (Ta = +25°C) 
V|n = 35 Vdc 


Peak Output Current (Tj = +25°C) 


Average Temperature Coefficient of Output Voltage 


MC7815A, AC 

ELECTRICAL CHARACTERISTICS (Vm = 23 V, Iq “ ^ “ ^low ’o Thigh (Note 11 unless otherwise noted ) 


I MC7815A I MC7815AC 

Characteristic Symbol 


Output Voltage (Tj = +25°C) 


Output Voltage 

( 5.0 mA < Iq < 1 0 A, Pq < 15W) 
17 9 Vdc < V|n < 30 Vdc 


Line Regulation (Note 2) 

17.9 Vdc S V|n 30 Vdc. Iq = 500 mA 
20 Vdc < V|n < 26 Vdc 
20 Vdc < V|n < 26 Vdc, Tj * +25°C 
17 5 Vdc < V|n < 30 Vdc, Tj = +25°C 


Load Regulation (Note 2) 

5 0 mA < Iq < 1 5A 
50mA< lo< 1 OA 
5 0 mA < Iq < 1 5 A, Tj = +25°C 
250 mA < Iq < 750 mA 


Quiescent Current 
Tj = +25°C 


Quiescent Current Change 

17.5 Vdc < Vin < 30 Vdc, Iq = 500 mA 
17.5 Vdc < V|n < 30 Vdc, Tj = +25°C 

5.0 mA < Iq ^ 1 0 A 


Ripple Rejection 

18.5 Vdc < Vjn < 28.5 Vdc, f = 120 Hz, 
Tj = +25°C 

18.5 Vdc C V|n < 28 5 Vdc, f ‘ 120 Hz, 
Iq " 500 mA 


Dropout Voltage (Iq “ 1 0 A, Tj = +25°C) 


Output Noise Voltage (Ta = +25 Cl 
10 Hz < f < 100 kHz 


Output Resistance (f = 1 0 kHz) 


Short-Circuit Current Limit (Ta ’ +25°C) 
V,n = 35 Vdc 


Peak Output Current (Tj = +250 


Average Temperature Coefficient of Output Voltage 


Notes 1. Tjow =-55°C for IVIC78XX, A 
- OOC for MC78XXC, AC 

Thigh = +150°C for MC78XX, A 
= +125°C for MC78XXC, AC 

2. Load and (me regulation are specified at constant junction temperature Changes in Vq due to heating effects must be taken 
into account separately Pulse testing with low duty cycle is used. 
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MC7800 Series 



MC7818, C 

ELECTRICAL CHARACTERISTICS (Vm = 27 V. Iq ” 500 mA, Tj = Tioy,, to Tf,|gh (Note 11 unless otherwise noted ) 


Output Voltage (Tj = +25°C) 


Output Voltage 

( 5 0 mA < Iq < 1.0 A, Pq < 15W) 

21 Vdc < V|n < 33 Vdc 

22 Vdc < V|n < 33 Vdc 


Line Regulation (Tj = +25°C, Note 2) 
21 Vdc < V|n < 33 Vdc 
24 Vdc < V|n < 30 Vdc 


Load Regulation (Tj = +25°C, Note 21 
5 0 mA < Iq < 1.5 A 
250 mA < Iq < 750 mA 


Quiescent Current (Tj = +25°C1 


Quiescent Current Change 

21 Vdc < V|n < 33 Vdc 

22 Vdc < V|n < 33 Vdc 
5.0 mA < Iq < 1 0 A 


Ripple Rejection 

22 Vdc < V|n < 32 Vdc, f = 120 Hz 


Dropout Voltage (Iq = 1 0 A, Tj = +25°C) 


Output Noise Voltage (T/^ = +25°C) 
10 Hz < f < 100 kHz 


Output Resistance (f = 1 0 kHz) 


Short-Circuit Current Limit (T/^ = +25°C) 
V.n = 35Vdc 


Peak Output Current (Tj = +25°C) 


Average Temperature Coefficient of Output Voltage 


IV1C7818A, AC 

ELECTRICAL CHARACTERISTICS (V,n = 



27 V, Iq “ 1 0 A, Tj = Tjoj^ to Tj,|gj, (Note 1 ) unless otherwise noted.) 


Characteristic 

Symbol 

MC7818A 

MC7818AC 

Unit 



K^SIIIKIQH 

■2Q1 


Output Voltage (Tj = +25^0 

Vo 


18 


18 

m-KM 

Vdc 

Output Voltage 

( 5.0 mA < Iq < 1 0 A, Pq < 15W) 

21 Vdc < V|n C 33 Vdc 

Vo 

173 

18 

18.7 

17.3 

18 

18.7 

Vdc 


Line Regulation (Note 2) 

21 Vdc < V,n < 33 Vdc, Iq = 500 mA 
24 Vdc < V|n < 30 Vdc 
24 Vdc < V,n < 30 Vdc, Tj = ■l•25'’C 
20 6 Vdc < V|n < 33 Vdc, Tj = +25°C 


Load Regulation (Note 2) 

5 0 mA < Iq 1 5A 
5.0 mA < Iq < 1 0 A 
5 0 mA < Iq < 1.5 A, Tj » •t25°C 
250 mA < Iq < 750 mA 


Quiescent Current 


Quiescent Current Change 

21 Vdc < V|n < 33 Vdc, Iq = 500 mA 
21 Vdc < V,n < 33 Vdc, Tj = ■t25°C 
5.0 mA < Iq < 1.0 A 


Ripple Rejection 

22 Vdc < V|n < 32 Vdc, f = 120 Hz, 
Tj = ■f25°C 

22 Vdc < V|n < 32 Vdc, f = 120 Hz, 
Iq = 500 mA 


Dropout Voltage (Iq = 1.0 A, Tj = •f25“C) 


Output Noise Voltage (T/\ “ ■t25°C) 
10 Hz < f < 100 kHz 


Output Resistance (f = 1 0 kHz) 


Short-Circuit Current Limit (T/^ = •t25°C) 
V|n = 35 Vdc 


Peak Output Current (Tj = •h25°C) 


Average Temperature Coefficient of Output Voltage 


Notes: 1. T|o„ =-55°C for MC78XX, A 
= 0°C for MC78XXC, AC 

Thigh “ +150°C for MC78XX, A 
- -H 25°C for MC78XXC, AC 







2. Load and line regulation are specified at constant junction temperature. Changes in Vq due to heating effects must be taken 
into account separately. Pulse testing with low duty cycle is used. 
































































































































MC7800 Series 



MC7824, C 

ELECTRICAL CHARACTERISTICS (Vm = 33 V, Iq = 500 mA, Tj = T|ow to Tt,jgh (Note II unless otherwise noted.l 


MC7824 MC7824C 

Characteristic Symbol 


Output Voltage (Tj = +25°C) 


Output Voltage 

( 5.0 mA < Iq < 1 0 A, Pq < 15W) 

27 Vdc < V,n < 38 Vdc 

28 Vdc < V|n < 38 Vdc 


Line Regulation (Tj “ +25°C. Note 2) 
27 Vdc < V,n < 38 Vdc 
30 Vdc < V|n < 36 Vdc 


Load Regulation (Tj = +25*^C, Note 2) 
5.0 mA< lo< 1.5A 
250 mA < Iq < 750 mA 


Quiescent Current (Tj = +25°C) 


Quiescent Current Change 

27 Vdc < V,n < 38 Vdc 

28 Vdc < V|n < 38 Vdc 
5 0 mA < Iq < 1.0 A 


Ripple Rejection 

28 Vdc < V,n < 38 Vdc, f = 120 Hz 


Dropout Voltage (Iq = 1.0 A, Tj = +25‘'C) 


Output Noise Voltage (T/^ = +25°C) 
10 Hz < f < 100 kHz 


Output Resistance (f = 1.0 kHz) 


Short-Circuit Current Limit (T/^ = +25^0 
V|n = 35 Vdc 


Peak Output Current (Tj = +25 C) 


Average Temperature Coefficient of Output Voltage 

MC7824A, AC 

ELECTRICAL CHARACTERISTICS (V,n 33 V, Iq = 1.0 A, Tj = Tj^^ to Thigh (Note 1) unless otherwise noted.) 




MC7824A MC7824AC 

Symbol 



Output Voltage (Tj = +25°C) 


Output Voltage 

(5.0 mA < Iq < 1.0 A, Pq < 15W) 
27.3 Vdc < V,n < 38 Vdc 


Line Regulation (Note 2) 

27 Vdc < V|n < 38 Vdc, Iq = 500 mA 
30 Vdc < V,|, < 36 Vdc 
30 Vdc "S V|n < 36 Vdc. Tj = +25°C 
26.7 Vdc < V|n < 38 Vdc, Tj = +25°C 


Load Regulation (Note 2) 

5.0 mA< lo< 1.5 A 
5 0 mA «; Iq < 1 0 A 
5 0 mA < Iq < 1 5 A, Tj = +25°C 
250 mA < Iq < 750 mA 


Quiescent Current 
Tj = +25°C 


Quiescent Current Change 

27.3 Vdc < V|n < 38 Vdc, Iq = 500 mA 
27 3 Vdc < V|n < 38 Vdc, Tj = +25°C 
5.0 mA < Iq < 1.0 A 


24 

25 

10 

36 

15 

60 

5.0 

19 

10 

36 

40 

50 




Ripple Rejection 

28 Vdc < V|n < 38 Vdc, f = 120 Hz, 

Tj = +25°C 

28 Vdc < V|n < 38 Vdc, f = 120 Hz, 

Iq = 500 mA 

RR 

i 

56 

56 

62 

62 

Dropout Voltage (Iq = 1.0 A, Tj = +25°C) 

HOBSQIi 

- 

20 

Output Noise Voltage (T/\ =+25°C) 

10 Hz < f < 100 kHz 

Vn 

- 

10 

Output Resistance (f = 1 0 kHz) 

Ro 

- 

20 

Short-Circuit Current Limit (T/\ = +25°C) 

V|n = 35 Vdc 

*sc 


0.2 


warn 



Peak Output Current (Tj = +25°C) 


Average Temperature Coefficient of Output Voltage 


Notes-1. T|ow = -55°CforMC78XX,A 
= 0°C for MC78XXC. AC 

Thigh = ■H50°C for MC78XX, A 
= +125°C for MC78XXC. AC 

2. Load and line regulation are specified at constant junction temperature. Changes in Vq due to heating effects must be taken 
into account separately Pulse testing with low duty cycle is used. 
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iQ, OUTPUT CURRENT (AMPERES) 


MC7800 Series 


TYPICAL CHARACTERISTICS 

(Ta = +25°C unless otherwise noted.) 


FIGURE 1 - WORST CASE POWER DISSIPATION 
versus AMBIENT TEMPERATURE (Case 221A) 


FIGURE 2 - WORST CASE POWER DISSIPATION 
versus AMBIENT TEMPERATURE (Case 1) 




FIGURE 3 - INPUT OUTPUT DIFFERENTIAL AS A 
FUNCTION OF JUNCTION TEMPERATURE 
(MC78XXC, AC) 


FIGURE 4 - INPUT OUTPUT DIFFERENTIAL AS A 
FUNCTION OF JUNCTION TEMPERATURE 
(MC78XX, A) 



Tj, JUNCTION TEMPERATURE (OC) 



-50 -25 0 25 50 75 100 125 

Ta, AMBIENT TEMPERATURE ("Cl 



FIGURE 5 - PEAK OUTPUT CURRENT AS A FUNCTION 
OF INPUT-OUTPUT DIFFERENTIAL VOLTAGE 
(MC78XXC,AC) 



FIGURE 6 - PEAK OUTPUT CURRENT AS A 
FUNCTION OF INPUT-OUTPUT DIFFERENTIAL 
VDLTAGE (MC78XX, A) 



0 5 0 10 15 20 25 30 35 


Vin Vo, INPUT OUTPUT VOLTAGE OIFFERENTIAL (VOLTS) 


Vin - Vq. INPUT/OUTPUT VOLTAGE 
DIFFERENTIAL (VOLTS) 
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Vq, output voltage (VOLTS) 


MC7800 Series 


TYPICAL CHARACTERISTICS (continued) 
(T/^ = 25°C unless otherwise noted.) 



FIGURE 7 - RIPPLE REJECTION AS A FUNCTION 
OF OUTPUT VOLTAGES 
(IVIC78XXC, AC) 


FIGURE 8 - RIPPLE REJECTION AS A FUNCTION 
OF FREQUENCY 
(IVIC78XXC, AC) 
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Vq, output voltage (VOLTS) 
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f, FREQUENCY (Hz) 


FIGURE 9 - OUTPUT VOLTAGE AS A FUNCTION 
OF JUNCTION TEMPERATURE (MC78XXC. AC) 



-25 0 +25 +50 +75 +100 +125 +150 +175 

Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 10 - OUTPUT IMPEDANCE AS A 
FUNCTION OF OUTPUT VOLTAGE (MC78XXC, AC) 



4 0 8 0 12 16 20 24 

Vo. OUTPUT VOLTAGE (VOLTS) 


FIGURE 11 - QUIESCENT CURRENT ASA 
FUNCTION OF TEMPERATURE (MC78XXC, AC) 


FIGURE 12 - DROPOUT CHARACTERISTICS 
(MC78XX, A) 



-50 -25 0 25 50 75 100 125 

Tj, JUNCTION TEMPERATURE (“O 



INPUT VOLTAGE (VOLTS) 
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MC7800 Series 



FIGURE 13 CURRENT REGULATOR 


FIGURE 14 - ADJUSTABLE OUTPUT REGULATOR 



Constant 
Current to 
Grounded Load 


The MC7800 regulators can also be used as a current source 
when connected as above. In order to minimize dissipation the 
IV1C7805C is chosen in this application. Resistor R determines 
the current as follows. 



Iq = 1 5 mA over line and load changes 

For example, a l-ampere current source would require R to be a 
5'Ohm, 10-W resistor and the output voltage compliance would 
be the input voltage less 7 volts 


Vq. 7 0 V to 20 V 
V|N Vo>20V 

The addition of an operational amplifier allows adjustment to 
higher or intermediate values while retaining regulation character 
istics The minimum voltage obtainable with this arrangement is 
2 0 volts greater than the regulator voltage 


FIGURE 15 - CURRENT BOOST REGULATOR 


FIGURE 16 - SHORT-CIRCUIT PROTECTION 


MJ29S5 or Equi 




XX = 2 digits of type number indicating voltage 


XX - 2 digits of type number indicating voltage 


The MC7800 series can be current boosted with a PNP transis¬ 
tor Ttie l\/IJ2955 provides current to 5 0 amperes Resistor R 
in conjunction with the Vgg of the PNP determines when the 
pass transistor begins conducting, this circuit is not short-circuit 
proof Input-output differential voltage minimum is increased by 
Vbe pass transistor 


The circuit of Figure 15 can be modified to provide supply protec¬ 
tion against short circuits by adding a short circuit sense resistor, 
Rpc/arid an additional PNP transistor The current sensing PNP 
must be able to handle the short-circuit current of the three- 
terminal regulator Therefore, a four-ampere plastic power tran¬ 
sistor IS specified 












MC78L00C,AC 

Series 


THREE-TERMINAL POSITIVE 
VOLTAGE REGULATORS 

The MC78L00 Series of positive voltage regulators are inexpensive, 
easy-to-use devices suitable for a multitude of applications that re¬ 
quire a regulated supply of up to 100 mA. Like their higher powered 
MC7800 and MC78M00 Series cousins, these regulators feature 
internal current limiting and thermal shutdown making them re¬ 
markably rugged. No external components are required with the 
MC78L00 devices in many applications. 

These devices offer a substantial performance advantage over the 
traditional zener diode-resistor combination. Output impedance is 
greatly reduced and quiescent current is substantially reduced. 

• Wide Range of Available, Fixed Output Voltages 

• Low Cost 

• Internal Short-Circuit Current Limiting 

• Internal Thermal Overload Protection 

• No External Components Required 

• Complementary Negative Regulators Offered 

(MC79L00 Series) 

• Available in Either ±5% (AC) or ±10% (C) Selections 


REPRESENTATIVE CIRCUIT SCHEMATIC 




THREE-TERMINAL 
POSITIVE FIXED 
VOLTAGE REGULATORS 



X Bottom 
^ o View 

1 1 o 0)3 


G SUFFIX 

CASE 79 
TO-39 

Pin 1. Input 

2. Output 

3 . Ground 

(Case connected 
to pin 3) 


STANDARD APPLICATION 


lnput»-f-0-H MC78LXXC f-O f •Output 


A common ground is required between the 
input and the output voltages. The input volt¬ 
age must remain typically 2.0 V above the out¬ 
put voltage even during the low point on the 
input ripple voltage. 

* = C| is required if regulator is located an 
appreciable distance from power supply 
filter. 

** = Co is not needed for stability; however, 
it does improve transient response 


ORDERING INFORMATION 


Device Temperature Range 


MC78LXXACG 


MC78LXXACP 


MC78LXXCG 


MC78LXXCP 


■iBuSiSiia 

■BSSEBSQ 


Package 


Metal Can 


Plastic Transistor 


Metal Can 


Plastic Transistor 


XX indicates nominal voltage 
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MC78L00C, AC Series 


MC78L00 Series MAXIMUM RATINGS = +125°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Input Voltage (2.6 V — 8.0 V) 

V| 

30 

Vdc 

(12 V - 18 V) 


35 


(24 V) 


40 


Storage Junction Temperature Range 

^stg 

-65 to +150 

°C 

Operating Junction Temperature Range 

Tj 

0 to +150 

“C 


MC78L05C, MC78L05AC ELECTRICAL CHARACTERISTICS (V| = 10 V, Iq = 40 mA, Ci = 0.33 Cq = 0.1 mF, 


0°C < Tj < +125°C unless otherwise noted.) 


Characteristic 

Symbol 

MC78L05C 

MC78L05AC 

Unit 


Typ 

Max 

Min 

■29 

Max 

Output Voltage (Tj = +25°C) 

vo 

4.6 

5.0 

5.4 

4.8 

5.0 

5.2 

Vdc 

Input Regulation 

F*®9line 







mV 

(Tj = +25°C, Iq = 40 mA) 









7.0 Vdc < V| < 20 Vdc 



55 

200 


55 

150 


8.0 Vdc <V| < 20 Vdc 



45 

150 


45 

100 


Load Regulation 

Ftegioad 







mV 

(Tj = +25°C, 1.0 mA < Iq < 100 mA) 



11 

60 


11 

60 


(Tj = +25°C, 1 0 mA < Iq < 40 mA) 



5.0 

30 


5.0 

30 


Output Voltage 

vo 

■■ 





aa 

Vdc 

(7 0 Vdc < Vi < 20 Vdc, 1.0 mA < Iq < 40 mA) 


mm 


5 5 

4.75 




(V| = 10 V, 1 0 mA < Iq < 70 mA) 


■ai 


5.5 

4.75 

^^ai 

^a 


Input Bias Current 

>IB 







mA 

(Tj = +25°C) 



3.8 

6.0 


3.8 

6 0 


(Tj = +125°C) 



- 

5.5 


- 

5 5 


Input Bias Current Change 

^l|B 



■■ 




mA 

(8.0 Vdc < V( « 20 Vdc) 







1 5 


(1.0 mA < Iq < 40 mA) 




■a 

aa 

^aa 

0.1 


Output Noise Voltage (T/; = +25°C, 10 Hz < f < 

V(\j 

- 

40 

- 

- 

-40 

- 

mV 

100 kHz) 









Long-Term Stability 

BSIEB 

- 

12 

- 


12 

- 

mV/1.0 k Hrs 

Ripple Rejection (Iq = 40 mA, f = 120 Hz, 

RR 



- 

41 

49 

- 

dB 

8.0 V < V| < 18 V, Tj = +25°C) 









Input-Output Voltage Differential 

V|/Vo 

- 

1 7 

- 

- 

1.7 

- 

Vdc 

(Tj = +25°C) 







_1 




d-t^Q 



















































































IV1C78L00C, AC Series 


IV1C78L08C, IV1C78L08AC ELECTRICAL CHARACTERISTICS (V, = 14 V, Iq = 40 mA, C| = 0.33 juF.Cq = 0.1 mF, 


0°C < T I < +125°C unless otherwise noted.) 




MC78L08C 

MC78L08AC 


Characteristic 

Symbol 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25°C) 

Vo 

7.36 

8.0 

8.64 

7.7 

8.0 

8.3 

Vdc 

Input Regulation 

(Tj = +25°C, lo = 40mA) 

f^®9iine 

■ 


■I 

■ 


B 

mV 

10.5 Vdc < V| < 23 Vdc 



20 



20 

IB 


11 Vdc < V| < 23 Vdc 



12 



12 

mm 


Load Regulation 

Flegioad 







mV 

(Tj = +25°C, 1.0 mA < Iq < 100 mA) 



15 

80 


15 

80 


(Tj = +25°C, 1.0 mA < lo < 40 mA) 



6.0 

40 


8.0 

40 


Output Voltage 

Vo 

■■ 

Hj^Hj 


■■ 


Bl 

Vdc 

(10.5 Vdc < V| < 23 Vdc, 1.0 mA < lo<40mA) 


mm 


8.8 

IB 


Bl 


(V| = 14 V, 1.0 mA < Iq < 70 mA) 


mSM 


8.8 



■B 


Input Bias Current 

'>B 







mA 

(Tj = +25°C) 


3.0 

6.0 


3.0 

6.0 


(Tj = +125°C) 



- 

5.5 


- 

5.5 


Input Bias Current Change 

‘^'IB 







mA 

(11 Vdc ^ V) < 23 Vdc) 







1.5 


(1.0 mA < lo < 40 mA) 







0.1 


Output Noise Voltage (T/\ = +25°C, 10 Hz < f < 

Vn 

- 

52 

- 

- 

60 

- 

PV 

100 kHz) 









Long-Term Stability 


- 

20 

- 

- 

20 

- 

mV/1 0 k Hrs. 

Ripple Rejection (Iq = 40 mA, f = 120 Hz, 

RR 

36 

55 

- 

37 

57 

- 

dB 

12 V < V| < 23 V,Tj = ■i-25°C) 









Input-Output Voltage Differential 
(Tj = +25°C) 

Vj/Vo 


1.7 

“ 

“ 

1.7 

*“ 

Vdc 


MC78L12C, IVIC78L12AC ELECTRICAL CHARACTERISTICS (V| = 19 V, Iq = 40 mA, C| = 0 33 nF, Cq = 0,1 mF, 0°C < Tj < 
_+125°C unless otherwise noted.)_ 




MC78L12C 

MC78L12AC 


Characteristic 


Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = -l•25°C) 

Vo 

11.1 

12 

12.9 

11 5 

12 

12.5 

Vdc 

Input Regulation 

*^®9line 




m' 



mV 

(Tj = -i-25°C, lo = 40 mA) 




HI 



BB 


14.5 Vdc < V| < 27 Vdc 



120 


^Bi 

120 



16 Vdc < V| < 27 Vdc 


^bb 

100 



100 

Bl 


Load Regulation 

f^®9load 

I^^B 



I^^B 



mV 

(Tj = +25°C, 1.0 mA < Iq < 100 mA) 



20 

100 


20 

100 


(Tj = +25°C, 1 0 mA < Iq < 40 mA) 



10 

50 


10 

50 


Output Voltage 

Vo 



Bl 


B^B 

BB 

Vdc 

(14.5 Vdc < V| < 27 Vdc, 1.0 mA < Iq < 40 mA) 


10 8 


IB 

11 4 


IB 


(V| = 19 V, 1 0 mA < Iq < 70 mA) 


108 


BB 

11.4 

I^^B 

B^B 


Input Bias Current 

•iB 







mA 

(Tj = +25°C) 




6 5 



6.5 


(Tj = +125°C) 




6.0 


^Bl 

6.0 


Input Bias Current Change 

“^•iB 


^bb 

Bl 

I^^B 

^^Bl 


mA 

(16 Vdc < V| < 27 Vdc) 




IB 



1.5 


(1.0 mA ^ Iq ^ 40 mA) 




BB 


1^1911 

0.1 


Output Noise Voltage (T;^ = +25°C, 10 Hz < f < 

V|VJ 

- 

80 

- 

- 

80 

- 

mV 

100 kHz) 









Long-Term Stability 

AVo/*t 

- 

24 

- 

- 

24 

- 

mV/1.0 k Hrs. 

Ripple Rejection (lQ = 40mA,f = 120 Hz, 15V < 

RR 

36 

42 

- 

37 

42 

- 

dB 

V| < 25 V,Tj = +25°C) 









Input-Output Voltage Differential 

V|/Vo 

- 

1.7 

- 

- 

1.7 

- 

Vdc 

(Tj = +25°C) 
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MC78L00C, AC Series 


MC78L15C, MC78L15AC ELECTRICAL CHARACTERISTICS (V| = 23 V, Iq = 40 mA, C| = 0,33 mF,Co = 0.1 mF, 


0°C < Tj < +125°C unless otherwise noted ) 




MC78L15C 

MC78L15AC 


Characteristic 

Symbol 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25°C) 

Vo 

13.8 

15 

16.2 

14.4 

15 

15.6 

Vdc 

Input Regulation 

Ftegiine 







mV 

(Tj = +25°C, lo = 40 mA) 









17.5 Vdc < V| < 30 Vdc 



130 

300 


130 

300 


20 Vdc < V| < 30 Vdc 



110 

250 


110 

250 


Load Regulation 

Fiegioad 







mV 

(Tj = +25°C, 1.0 mA < Iq < 100 mA) 



25 

150 


25 

150 


(Tj = +25°C, 1.0 mA < Iq < 40 mA) 



12 

75 


12 

75 


Output Voltage 

Vo 

Ml 


Mi 

■M 


Ml 

Vdc 

(17.5 Vdc < V| < 30 Vdc, 1.0 mA < lo<40mA) 


IM 


IM 

BM 


Ml 


(V| = 23 V, 1.0 mA < lo< 70 mA) 




mm 

MM 




Input Bias Current 

l|B 





BIB 


mA 

(Tj = +25°C) 




6.5 



6.5 


(Tj = +125°C) 




60 



6.0 


Input Bias Current Change 

^•iB 



MB 




mA 

(20 Vdc < V| < 30 Vdc) 




IM 



1.5 


(1.0 mA < Iq < 40 mA) 







0.1 


Output Noise Voltage (T/^ = +25°C, 10 Hz ^ f < 

Vn 

- 

90 

- 

- 

90 

- 

mV 

100 kHz) 









Long-Term Stability 

BISfSfl 

- 

30 

- 

- 

30 

- 

mV/1.0 k Hrs. 

Ripple Rejection (Iq = 40 mA, f = 120 Hz, 18.5 V < 

RR 

33 

39 

- 

34 

39 

- 

dB 

V| < 28 5 V, Tj = ■t25°C) 









Input-Output Voltage Oifferential 

V|/Vo 

- 

r.7 

- 

- 

1.7 

- 

Vdc 

(Tj = ■^250C) 










MC78L18C, IVIC78L18AC ELECTRICAL CHARACTERISTICS (V, = 27 V, Iq = 40 mA, C| = 0.33 mF, Cq = 0 1 mF, 


0°C < Tj < +125°C unless otherwise noted.) 


Characteristic 

Symbol 

MC78L18C 

MC78L18AC 

Unit 

Min 

Typ 

Max 

Min 

Typ 

Max 

Output Voltage (Tj = •^25°C) 

Vo 

166 

18 

19.4 

17.3 

18 

18.7 

Vdc 

Input Regulation 

FlsQline 

iim 






mV 

(Tj = -t-25°C, Iq = 40 mA) 









21 4 Vdc < V| < 33 Vdc 



32 

325 





20.7 Vdc < Vj < 33 Vdc 






45 

325 


22 Vdc < V| < 33 Vdc 



27 

275 





21 Vdc < V| < 33 Vdc 





IBB 

35 

275 


Load Regulation 

Hegjoad 







mV 

(Tj = -^25°C, 1.0 mA < Iq « 100 mA) 



30 

170 


30 

170 


(Tj = ■^25°C, 1.0 mA < Iq < 40 mA) 



15 

85 

bbi 

15 

85 


Output Voltage 

Vo 





bbi 


Vdc 

(21.4 Vdc < Vj < 33 Vdc, 1.0 mA < lo<40mA) 


16.2 


17 8 





(20 7 Vdc < V| < 33 Vdc, 1.0 mA < Iq < 40 mA) 





17.1 


18.9 


(Vj = 27 V, 1 0 mA < Iq < 70 mA) 


162 


17.8 





(Vj = 27 V, 1.0 mA < Iq < 70mA) 





17.1 


18.9 


Input Bias Current 

l|B 







mA 

(Tj = -t25°C) 



3.1 

6.5 


3.1 

6.5 


(Tj = ■H25°C) 



- 

6.0 

bbib 

- 

6.0 


Input Bias Current Change 

*<IB 







mA 

(22 Vdc < V| < 33 Vdc) 




1.5 





(21 Vdc < V| = 33 Vdc) 







1 5 


(1.0 mA < If) <40mA) 




0.2 


IBa 

0.1 


Output Noise Voltage (T/^ = -t25°C, 10 Hz < f < 

V|\j 

- 

150 

- 

- 

150 

- 

mV 

100 kHz) 









Long-Term Stability 

AVo/^t 

- 

45 

- 

- 

45 

- 

mV/1 0 k Hrs. 

Ripple Rejection (Iq = 40 mA, f = 120 Hz, 

RR 

32 

46 

- 

33 

48 

- 

dB 

23 V < Vj < 33V,Tj= ■f25°C) 









Input-Output Voltage Differential 

Vj/Vo 

- 

1 7 

- 

- 

1.7 

- 

Vdc 

(Tj = ■^25°C) 



















































































































































MC78L00C, AC Series 


MC78L24C, MC78L24AC ELECTRICAL CHARACTERISTICS (V| = 33 V, Iq = 40 mA, C| = 0.33 nF, Cq = 0,1 nF. 


0°C < Tj < +125°C unless otherwise noted.) 


Characteristic 

_ 

MC78L24C 

MC78L24AC 

Unit 



Typ 

Max 

Min 

KBS 

Max 

Output Voltage (Tj = +25°C) 


22.1 

24 

25.9 

23 

24 

25 

Vdc 

Input Regulation 

f^®9line 




HIBH 



mV 

(Tj = +25°C, Iq = 40 mA) 




Hi 





27.5 Vdc < V| < 38 Vdc 



35 



- 

- 


28 Vdc < V| =5 38 Vdc 



30 



50 

300 


27 Vdc < V| < 38 Vdc 



- 

Hi 


60 

350 


Load Regulation 

Regioad 





Hi 


mV 

(Tj = +25°C, 1.0 mA < Iq < 100 mA) 



40 

200 



200 


(Tj = +25°C, 1.0 mA < Iq < 40 mA) 



20 

100 


WM 

100 


Output Voltage 

Vo 





■■■ 


Vdc 

(28 Vdc < V| < 38 Vdc, 1.0 mA < Iq < 40 mA) 


21 6 


26.4 





(27 Vdc < V| < 38 Vdc, 1.0 mA < Iq < 40 mA) 





22.8 


25.2 


(28 Vdc < V| < 33 V, 1.0 mA < Iq < 70 mA) 


21 6 


26 4 





(27 Vdc < V| < 33 V, 1.0 mA < Iq < 70 mA) 





22.8 


25.2 


Input Bias Current 

•iB 







mA 

(Tj = +25°C) 



3.1 

6.5 


3.1 

6.5 


(Tj = +125°C) 



- 

6.0 


- 

6.0 


Input Bias Current Change 

-^^'IB 







mA 

(28 Vdc < V| < 38 Vdc) 




1.5 



1 5 


(1.0 mA < Iq < 40 mA) 




0.2 



0.1 


Output Noise Voltage (T/j^ = +25°C, 10 Hz < 

Vn 

- 

200 

- 


200 


mV 

f s; 100 kHz) 









Long-Term Stability 

AVnMt 

_ 

56 

- 

- 

56 

_ 

mV/1 0 k Hrs. 

Ripple Rejection (Iq = 40 mA, f = 120 Hz, 29 V < 

RR 

30 

43 

_ 

31 

45 

_ 

dB 

V| < 35 V, Tj = +25°C) 









Input-Output Voltage Differential 

Vi/Vo 

- 

1,7 

- 

- 

1.7 

- 

Vdc 

(Tj = ■t25°C) 
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Pd, POWER DISSIPATION (mW) _ l|B, INPUT BIAS CURRENT (mA) Vq, OUTPUT VOLTAGE (VOLTS) 


MC78L00C, AC Series 


TYPICAL CHARACTERISTICS 

(T/^ = +25°C unless otherwise noted.) 



0 20 40 SO 80 10 


FIGURE 2- DROPOUT VOLTAGE versus 
JUNCTION TEMPERATURE 



0 I_I_I_I_I_I_I_I_I_I_I 

0 25 50 75 100 125 


V|, INPUT VOLTAGE (VOLTS) 


Tj, JUNCTION TEMPERATURE (“C) 


FIGURE 3 - INPUT BIAS CURRENT versus 
AMBIENT TEMPERATURE 


FIGURE 4 - INPUT BIAS CURRENT versus 
INPUT VOLTAGE 




0 5 0 10 15 20 25 30 35 40 

V|, INPUT VOLTAGE (VOLTS) 


FIGURE 5 - MAXIMUM AVERAGE POWER DISSIPATION 
versus AMBIENT TEMPERATURE -TO-92 Type Package 



10 I-1-1-1-i_I_I_I_ I I II 

25 50 75 100 125 150 

Ta, ambient temperature (OC) 


FIGURE 6 - MAXIMUM AVERAGE POWER DISSIPATION versus 
AMBIENT TEMPERATURE - TO-39 Type Package 



25 50 75 10O 125 150 

Ta, ambient temperature (“O 


4-14.'? 














IV1C78L00C, AC Series 


APPLICATIONS INFORMATION 


Design Considerations 

The MC78L00C Series of fixed voltage regulators are designed 
with Thermal Overload Protection that shuts down the circuit 
when subjected to an excessive power overload condition, Internal 
Short-Circuit Protection that limits the maximum current the cir¬ 
cuit will pass 

In many low current applications, compensation capacitors are 
not required. However, it is recommended that the regulator 
input be bypassed with a capacitor if the regulator is connected 
to the power supply filter with long wire lengths, or if the output 
load capacitance is large. An input bypass capacitor should be 


selected to provide good high-frequency characteristics to insure 
stable operation under all load conditions. A 0.33 pF or larger 
tantalum, mylar, or other capacitor having low internal impedance 
at high frequencies should be chosen. The bypass capacitor should 
be mounted with the shortest possible leads directly across the 
regulators input terminals. Normally good construction techniques 
should be used to minimize ground loops and lead resistance 
drops since the regulator has no external sense lead. Bypassing the 
output is also recommended. 


FIGURE 7 - CURRENT REGULATOR 



Constant 
Current to 
Grounded Load 


The MC78L00C regulators can also be used as a current source 
when connected as above. In order to minimize dissipation the 
MC78L05C is chosen in this application. Resistor R determines 
the current as follows 


5 V 

'O = - 5 - + l|B 


l|g = 3 8 mA over line and load changes 

For example, a 100 mA current source would require R to be a 
50-ohm, 1/2-W resistor and the output voltage compliance would 
be the input voltage less 7 volts. 
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MC78M00C 

series 


MC78M00C SERIES THREE-TERMINAL 
POSITIVE VOLTAGE REGULATORS 

The MC78MOO Series positive voltage regulators are identical to 
the popular MC7800C Series devices, except that they are specified 
for only one-third the output current. Like the MC7800C devices, 
the l\/IC78M00C three-terminal regulators are intended for local, on- 
card voltage regulation. 

Internal current limiting, thermal shutdown circuitry and safe- 
area compensation for the internal pass transistor combine to make 
these devices remarkably rugged under most operating conditions. 
Maximum output current, with adequate heatsinking is 500 mA. 

• No External Components Required 

• Internal Thermal Overload Protection 

• Internal Short-Circuit Current Limiting 

• Output Transistor Safe-Area Compensation 

• Packaged in the Plastic Case 221A and Case 79 

(TO-220 and Hermetic TO-39) 


THREE-TERMINAL 
POSITIVE FIXED 
VOLTAGE REGULATORS 


Pin 1. Input 

2. Output 

3. Ground 



Bottom J 

View 

GSUFFIX 
METAL PACKAGE 
CASE 79 
TO-39 


Pin 1. Input 

2. Ground 

3. Output- 

2 

T SUFFIX 
PLASTIC PACKAGE 
CASE 221 A 
(TO-220 Type) 


(Caseconnected (Heatsink sutface 
to Pm 3) connected to Pin 2) 


STANDARD APPLICATION 




A common ground is required between the 
input and the output voltages. The input volt¬ 
age must remain typically 2 0V above the out¬ 
put voltage even during the low point on the 
input ripple voltage 

* = C|n IS required if regulator is located an 
appreciable distance from power supply 
filter. 

•* = Cq improves stability and transient re¬ 
sponse. 


ORDERING INFORMATION 


TEMPERATURE RANGE PACKAGE 



XX indicates nominal voltage 


TYPE NO./VOLTAGE 
MC78IVI05C 5 0 Volts 

MC78M06C 6.0 Volts 

MC78M08C 8 0 Volts 

IVIC78M12C 12 Volts 

MC78M15C 15 Volts 

MC78M18C 18 Volts 

MC78M20C 20 Volts 

MC78M24C 24 Volts 
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MC78IVI00C Series 


MC78IVI00C Series MAXIMUM RATINGS (T/^ = +25°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Input Voltage (5.0 V -18 V) 

V| 

35 

Vdc 

(20 V - 24 V) 


40 


Power Dissipation (Package Limitation) 




Plastic Package 




Ta = 25°C 

Pd 

Internally Limited 


Derate above = 25°C 

®JA 

70 

°C/W 

Tc = 25°C 

Pd 

Internally Limited 


Derate above Tq = 110°C 

®JC 

5.0 

°C/W 

Metal Package 




Ta = 25 OC 

Pd 

Internally Limited 


Derate above Ta = 25°C 

®JA 

185 

°C/W 

Tc = 25°C 

Pd 

Internally Limited 


Derate above Tq = 85°C 

®JC 

25 

°C/W 

Operating Junction Temperature Range 

T.I 

0 to +150 

°C 

Operating Ambient Temperature Range 

Ta 

0 to +85 

°c 

Storage Temperature Range 

Tstg 



Plastic Package 


-65 to +150 

°c 

Metal Package 


-65 to +150 

°c 


MC78M05C ELECTRICAL CHARACTERISTICS (V| = 10 V, Iq = 200 mA, 0°C <Tj < +125°C, Pq < BOW unlessotherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25°C) 

Vo 

4.8 

5.0 

5.2 

Vdc 

Line Regulation 

P*®9lme 




mV 

(Tj = +25°C) 






(7.0 Vdc < V| < 25 Vdc) 


- 

3.0 

100 


(8.0 Vdc < V| < 25 Vdc) 


- 

1.0 

50 


Load Regulation 

P*®9load 




mV 

(Tj = +25°C, 5.0 mA < Iq < 500 mA) 


- 

20 

100 


(Tj = +25°C, 5.0 mA < Iq < 200 mA) 


- 

10 

50 


Output Voltage 

Vo 

4.75 

- 

5.25 

Vdc 

(7.0 Vdc < V| <25 Vdc, 5.0 mA < Iq < 200 mA) 






Input Bias Current (Tj= +25°C) 

Mb 

- 

4.5 

60 

mA 

Quiescent Current Change 

^l|B 




mA 

(8.0 Vdc < V| <25 Vdc) 


- 

- 

0.8 


(5.0 mA < Iq < 200 mA) 


- 

- 

0.5 


Output Noise Voltage (Ta = +25°C, 10 Hz < f < 100 kHz) 

^on 

- 

40 

- 

/iV 

Long-Term Stability 

AVo/At 

- 

- 

20 

mV/1.0 k Hrs 

Ripple Rejection (Iq = 100mA,f = 120Hz, 8.0 V < Vj < 18 V) 

RR 

- 

80 

- 

dB 

do = 300 mA, f = 120 Hz, 8.0 < V| < 18 V, Tj = 25°C) 


- 

80 

- 


Input-Output Voltage Differential 

Vj-Vq 

- 

2.0 

- 

Vdc 

(Ta = +25°C) 






Short-Circuit Current Limit (Tj = +25°C, Vj = 35 V) 

•os 

- 

300 

- 

mA 

Average Temperature Coefficient of Output Voltage 

AVq/AT 

- 

-1.0 

- 

mV/°C 

(IO= 5.0 mA) 






Peak Output Current 

'0 

- 

700 

- 

mA 

(Tj = 25°C) 
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MC78M00C Series 


MC78M06C ELECTRICAL CHARACTERISTICS (Vj = 11 V, Iq = 200 mA, 0®C < Tj < +125°C, p£) < 5.0 W unless otherwise noted.) 



4 


MC78M08C ELECTRICAL CHARACTERISTICS (V| = 14 V, lo= 200 mA, 0°C < Tj <+125 °C,Pd < 5.0 W unless otherwise noted.) 
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IV1C78IV100C Series 


MC78IV112C ELECTRICAL CHARACTERISTICS (Vj = 19 V, Iq = 200 mA, 0°C < Tj < +125 °C,Pd < 5.0 W unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25°C) 

Vo 

11.5 

12 

12.5 

Vdc 

Line Regulation 

*^®9line 




mV 

(Tj = +25°C) 





(14.5 Vdc < V| < 30 Vdc) 


- 

80 

100 


(16 Vdc< V| < 22Vdc) 


- 

2 0 

50 


Load Regulation 

Regioad 




mV 

(Tj = +25°C, 5 0 mA < Iq < 500 mA) 


- 

25 

240 


(Tj = +25°C, 5 0 mA < Iq < 200 mA) 


- 

10 

120 


Output Voltage 

Vo 

11.4 

_ 

12.6 

Vdc 

(14.5 Vdc < V| < 27 Vdc, 5.0 mA < Iq < 200 mA) 






Input Bias Current (Tj = +25°C) 

l|B 

- 

4.8 

6.0 

mA 

Quiescent Current Change 

'^'IB 




mA 

(14.5 Vdc < V| < 30 Vdc) 


- 

- 

08 


(5.0 mA < Iq < 200 mA) 


- 

- 

0.5 


Output Noise Voltage (T/v = +25°C, 10 Hz < f < 100 kHz) 

®on 

- 

75 

- 

mV 

Long-Term Stability 

AVo/At 

- 

- 

48 

mV/1.0 kHrs 

Ripple Reiection (lo= lOOmA.f = 120Hz, 15 V < V| < 25 V) 

RR 

- 

80 

- 

dB 

do = 300 mA,f = 120 Hz, 15 V < V( < 25 V,Tj = 25°C) 


- 

80 

- 


Input-Output Voltage Differential 

V|-Vo 

_ 

2.0 

_ 

Vdc 

(Ta = +25°C) 





Short-Circuit Current Limit (Tj = +25°C, V| = 35 V) 

•os 

- 

240 

- 

mA 

Average Temperature Coefficient of Output Voltage 

AVo/AT 

_ 

-1.0 

_ 

mV/°C 

do = 5.0 mA, 0°C < Ta < +125°C) 





Peak Output Current 

•o 


700 


mA 

(Tj = 25°C) 






MC78M15C ELECTRICAL CHARACTERISTICS (V| = 23 V, Iq = 200mA,0°C <Tj < +125 °C,Pd < 5 0 W unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = ■^25°C) 

Vo 

14.4 

15 

15.6 

Vdc 

Input Regulation 

•^®9line 




mV 

(Tj = -t25°C) 






(17.5 Vdc < V| < 30 Vdc) 


- 

10 

100 


(20 Vdc < V| < 30 Vdc) 


- 

30 

50 


Load Regulation 

•^egioad 



■■■ 

mV 

(Tj = +25°C, 5.0 mA < Iq < 500 mA) 


- 

25 



(Tj = +25°C, 5.0 mA < Iq < 200 mA) 


- 

10 

mmSM 


Output Voltage 

Vo 

14.25 

- 

15.75 

Vdc 

17.5 Vdc < V| <30 Vdc, 5.0 mA < Iq < 200 mA) 






Input Bias Current (Tj = +25°C) 

•iB 

- 

4.8 

6.0 

mA 

Ouiescent Current Change 

aIib 





(18.5 Vdc < V| < 30 Vdc) 


- 

_ 



(5.0 mA < Iq < 200 mA) 


- 

- 



Output Noise Voltage (Ta = +25°C, 10 Hz < f < 100 kHz) 

C 

o 

' - 

90 

- 

mV 

Long-Term Stability 

AVo/At 

- 

- 

60 

mV/1.0 kHrs 

Ripple Rejection (Iq = lOOmA.f = 120 Hz, 18.5 V < Vj < 28.5 V) 

RR 

_ 

70 

_ 

dB 

do = 300 mA, f = 120 Hz, 18.5 V < Vj < 28 5 V,Tj= 25°C) 


- 

70 

- 


Input-Output Voltage Differential 

VfVo 

- 


_ 

Vdc 

(Ta = +25°C) 



■■ 



Short-Circuit Current Limit (Tj = +25°C, Vj = 35 V) 

•os 

- 

240 

- 

mA 

Average Temperature Coefficient of Output Voltage 

AVq/AT 

- 

-1.0 

- 

mV/°C 

do = 5.0 mA, 0°C < Ta < +125°C) 






Peak Output Current 

•o 

_ 

700 

_ 

mA 

(Tj = 25°C) 
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MC78M00C Series 



Characteristic 

Symbol 

Output Voltage (Tj = +25°C) 

Vo 

Line Regulation 
(Tj = +25°C) 

(21 Vdc< V| <33Vdc) 

(24Vdc<V| <33Vdc) 

Regiine 

Load Regulation 

(Tj = +25°C, 5 0 mA < Iq < 500 mA) 

(Tj = +25°C, 5 0 mA < Iq < 200 mA) 

Regioad 

Output Voltage 

(21 Vdc < V| < 33 Vdc, 5.0 mA < Iq < 200 mA) 

Vo 

Input Bias Current (Tj = +25°C) 

<IB 

Quiescent Current Change 
(21 Vdc < V| < 33 Vdc) 

(5 0 mA < Iq < 200 mA) 


Output Noise Voltage (T/\ = +25°C, 10 Hz < f < 100 kHz) 

®on 

Long-Term Stability 

AVo/At 

Ripple Rejection (Iq = 100 mA, f = 120 Hz, 22 V < V| < 32 VI 
(IO = 300mA.f = 120 Hz, 22 V < V| < 32V,Tj = 25°C) 

RR 

Input-Output Voltage Differential 
(Ta = +25°C) 

V|-Vo 

Short-Circuit Current Limit (Tj = ■^25°C, V( = 35 V) 

'os 

Average Temperature Coefficient of Output Voltage 
do = 5.0 mA, 0°C < Ta ^ +125°CI 

A Vo/AT 

Peak Output Current 
(Tj = 25°C) 

'0 

IVIC78M20C ELECTRICAL CHARACTERISTICS (V| =29V,lo 

= 200 m A, 0° 

Characteristic 

Symbol 

Output Voltage (Tj = ■h25°C) 

Vo 

Line Regulation 
(Tj = +25°C) 

(23 Vdc < V| < 35 Vdc) 

(24 Vdc < V| <35 Vdc) 

f^®9)inB 

Load Regulation 

(Tj = +25°C, 5.0 mA < iQ < 500 mA) 

(Tj = +25°C, 5 0 mA < iQ < 200 mA) 

ReSload 

Output Voltage 

(23 Vdc < V| <35 Vdc, 5.0 mA < Iq < 200 mA) 

Vo 

Input Bias Current (Tj.= -i-25°C) 

■iB 

Quiescent Current Change 
(23 Vdc < V| < 35 Vdc) 

(5.0 mA < Iq < 200 mA) 

^'IB 

Output Noise Voltage (Ta = +25°C, 10 Hz < f < 100 kHz) 

®on 

Long-Term Stability 

AVo/At 

Ripple Rejection (Iq = 100 mA, f = 120 Hz, 24 V < V| < 34 V) 
do = 300 mA, f = 120 Hz, 24 V < V| < 34 V, Tj = 25°C) 

RR 

Input-Output Voltage Differential 
(Ta = +25°C) 

V|-Vo 

Short-Circuit Current Limit (Tj = -r25°C, V| = 35 V) 

•os 

Average Temperature Coefficient of Output Voltage 
do = 5.0 mA, 0°C < Ta < +125°C) 

AVo/AT 

Peak Output Current 
(Tj = 25 OC) 

•o 



200 mA, 0°C < Tj < +125°C, Pd< 5.0 W unless otherwise noted.) 





































































































































MC78M00C Series 


MC78M24C ELECTRICAL CHARACTERISTICS (Vi = 33 V, Iq = 200 mA, 0°C < Tj < +125°C, Pp < 5.0 W unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = ■r25°C) 

Vo 

23 

24 

25 

Vdc 

Line Regulation 

Regime 




mV 

(Tj = -^25°C) 






(27Vdc< V| <38Vdc) 


- 

10 

100 


(28Vdc< V| <38Vdc) 


- 

5.0 

50 


Load Regulation 

Regioad 



■M 

mV 

(Tj = ■^25°C, 5.0 mA < Iq < 500 mA) 



30 

mSM 


(Tj = -r25°C, 5.0 mA < Iq < 200 mA) 



10 

mm 


Output Voltage 

Vo 

22 8 

- 

25.2 

Vdc 

(27 Vdc < V| <38 Vdc, 5.0 mA < Iq < 200 mA) 






Input Bias Current (Tj = +25°C) 

*IB 

- 

5.0 

7.0 

mA 

Quiescent Current Change 

-^'IB 




mA 

(27 Vdc < V| < 38 Vdc) 


- 

- 

0.8 


(5.0 mA < Iq < 200 mA) 


- 

- 

0.5 


Output Noise Voltage (T/\ = -^25°C, 10 Hz < f < 100 kHz) 

eon 

- 

170 

- 

pV 

Long-Term Stability 

AVo/At 

- 

- 

96 

mV/1.0 kHrs 

Ripple Rejection (Iq = 100 mA, f = 120 Hz, 28 V < Vj < 38 V) 

RR 

- 

70 

- 

dB 

do = 300 mA, f = 120 Hz, 28 V < V| < 38 V, Tj = 25°C) 



70 

- 


Input-Output Voltage Differential 

Vj-Vo 

- 

2.0 

- 

Vdc 

(Ta = +25°C) 






Short-Circuit Current Limit (Tj = +25°CI 

•os 

- 

240 

- 

mA 

Average Temperature Coefficient of Output Voltage 

AVo/AT 

- 

-1.2 

- 

mV/Oc 

do = 5.0 mA, 0°C < Ta < ■H25°C) 






Peak Output Current 

’o 

_ 

700 

- 

mA 

(Tj = 25‘’C) 







DEFINITIONS 


Line Regulation - The change in output voltage for a change in 
the input voltage. The measurement is made under conditions of 
low dissipation or by using pulse techniques such that the average 
chip temperature is not significantly affected. 

Load Regulation - The change in output voltage for a change in 
load current at constant chip temperature. 

Maximum Power Dissipation — The maximum total device dissi¬ 
pation for which the regulator will operate within specifications. 


Input Bias Current — That part of the input current tltat is not 
delivered to the load. 

Output Noise Voltage - The rms ec voltage at the output, with 
constant load and no input ripple, measured over a specified fre¬ 
quency range. 

Long Term Stability - Output voltage stability under accelerated 
life test conditions with the maximum rated voltage listed in the 
devices’ electrical characteristics and maximum power dissipation. 
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iQ, OUTPUT CURRENT (AMPERES) POWER DISSIPATION (WATTS) 


MC78M00C Series 


TYPICAL PERFORMANCE CURVES 

FIGURE 1 - WORST CASE POWER DISSIPATION FIGURE 2 - WORST CASE POWER DISSIPATION 

versus AMBIENT TEMPERATURE versus AMBIENT TEMPERATURE 

TO-220 (CASE 313) TO-39 (CASE 79) 

lOi - ' ■ I - r -r' . . — 7— , .- I 10 




tfjC = 25“ CAV 
PD(MAX)"?5W 


IHSiWkVi 


Ta. AMBIENTTEMPERATURE (“C) 


Ta,AMBIENTTEMPERATURE(“C) 


FIGURE 3 - PEAK OUTPUT CURRENT AS A FUNCTION OF 
INPUT-OUTPUT DIFFERENTIAL VOLTAGE 


FIGURE 4 - RIPPLE REJECTION ASA FUNCTION 
OF FREQUENCY 
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MC78M00C Series 


APPLICATIONS INFORMATION 


Design Considerations 

The MC78M00C Series of fixed voltage regulators are designed 
with Thermal Overload Protection that shuts down the circuit 
when subjected to an excessive power overload condition. Internal 
Short-Circuit Protection that limits the maximum current the cir¬ 
cuit will pass, and Output Transistor Safe-Area Compensation that 
reduces the output short-circuit current as the voltage across the 
pass transistor is increased. 

In many low current applications, compensation capacitors are 
not required. However, it is recommended that the regulator 
input be bypassed with a capacitor if the regulator is connected 


to the power supply filter with long wire lengths, or if the output 
load capacitance is large. An input bypass capacitor should be 
selected to provide good high-frequency characteristics to insure 
stable operation under all load conditions. A 0.33 /uF or larger 
tantalum, mylar, or other capacitor having low internal impedance 
at high frequencies should be chosen. The bypass capacitor should 
be mounted with the shortest possible leads directly across the reg¬ 
ulators input terminals. Normally good construction techniques 
should be used to minimize ground loops and lead resistance drops 
since the regulator has no external sense lead. 


FIGURE 5 - CURRENT REGULATOR 




Constant 
Current to 
Grounded Load 


The IVIC7800C regulators can also be used as a current source 
when connected as above. In order to minimize dissipation the 
MC7805C is chosen in this application. Resistor R determines 
the current as follows. 

5 V 

IO = -- + IQ 

Iq = 1.5 mA over line and load changes 

For example, a 500 mA current source would require R to be a 
10-ohm, 10-W resistor and the output voltage compliance would 
be the input voltage less 7 volts. 



FIGURE 7 - CURRENT BOOST REGULATOR 


FIGURE 8 - SHORT-CIRCUIT PROTECTION 


MJ2955 or Equiv 



MC78MXXC F-O-t * -•Output 



XX = 2 digits of type number indicating voltage 


XX = 2 digits of type number indicating voltage 


The MC78M00C series can be current boosted with a PNP transis¬ 
tor The IVIJ2955 provides current to 5 0 amperes Resistor R 
in conjunction with the V 0 E of the PNP determines when the 
pass transistor begins conducting, this circuit is not short-circuit 
proof Input-output differential voltage minimum is increased by 
Vre Iff® P3SS transistor 


The circuit of Figure 7 can be modified to provide supply protec¬ 
tion against short circuits by adding a short-circuit sense resistor, 
Rjcand an additional PNP transistor. The current sensing PNP 
must be able to handle the short-circuit current of the three- 
terminal regulator. Therefore, a two-ampere plastic power tran¬ 
sistor IS specified 
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MC7900C 

Series 


IV1C7900C SERIES THREE-TERMINAL 
NEGATIVE VOLTAGE REGULATORS 

The MC7900C Series of fixed output negative voltage regulators 
are intended as complements to the popular MCTSOOC Series devices. 
These negative regulators are available in the same seven-voltage 
options as the MC7800C devices. In addition, two extra voltage 
options commonly employed in MECL systems are also available 
in the negative MC7900C Series. 

Available in fixed output voltage options from -2.0 to -24 volts, 
these regulators employ current limiting, thermal shutdown, and 
safe-area compensation — making them remarkably rugged under 
most operating conditions. With adequate heat-sinking they can 
deliver output currents in excess of 1.0 ampere. 

• No External Components Required 

• Internal Thermal Overload Protection 

• Internal Short-Circuit Current Limiting 

• Output Transistor Safe-Area Compensation 

• Packaged in the Plastic Case 221A and Case 1 

(TO-220 and Hermetic TO-3) 




DEVICE TYPE/NOMINAL OUTPUT VOLTAGE 

MC7902C -2.0 Volts 

MC7906C - 6 0 Volts 

MC7915C - 15 Volts 

MC7905C - 5 0 Volts 

MC7908C -8.0 Volts 

MC7918C - 18 Volts 

MC7905.2C - 5 2 Volts 

MC7gi2C - 12 Volts 

MC7924C - 24 Volts 


THREE-TERMINAL 
NEGATIVE FIXED 
VOLTAGE REGULATORS 



K SUFFIX 
METAL PACKAGE 
CASE 1 
(TO-3 TYPE) 


O © ] 

Gnd Output; 


(bottom view) 


T SUFFIX 
PLASTIC PACKAGE 
CASE 221 A 


Pin 1. Ground 
2. Input 
3 Output 

(Heatsink surface 
connected to Pin2) 



STANDARD APPLICATION 



A common ground is required between the 
input and the output voltages. The input volt¬ 
age must remain typically 2.0 V more negative 
even during the high point on the input ripple 
voltage. 

XX = these two digits of the type number indi¬ 
cate voltage. 

* = C|n IS required if regulator is located an 
appreciable distance from power supply 
filter. ^ 

** = Cq improves stability and transient re¬ 
sponse. 


ORDERING INFORMATION 


DEVICE TEMPERATURE RANGE PACKAGE 


MC79XXCK I Tj - 0° C to+t50°C | Metal Power 


MC79XXCT 
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I\/1C7900C Series 


MC7900C Series MAXIMUM RATINGS (T/^ = +25°C unless otherwise noted ) 


Rating 

Symbol 

Value 

Unit 

Input Voltage (2.0 V — 18 V) 

V| 

-35 

Vdc 

(24 V) 


-40 


Power Dissipation 




Plastic Package 




Ta = +25°C 

Pd 

Internally Limited 

Watts 

Derate above Ta = +25°C 

1/Roja 

15.4 

mW/°C 

Tc = +25°C 

Pd 

Internally Limited 

Watts 

Derate above Tc = +95°C (See Figure 1) 

1/RoJC 

200 

mW/°C 

Metal Package 




Ta = +25°C 

Pd 

Internally Limited 

Watts 

Derate above Ta = +25°C 

1/Roja 

22.2 

mW/°C 

Tc= +25°C 

Pd 

Internally Limited 

Watts 

Derate above Tc = +65°C 

i/Rojc 

182 

mW/°C 

Storage Temperature Range 

Tstq 

-65 to +150 

°C 

Junction Temperature Range 

Tj 

0 to +150 

°c 


THERMAL CHARACTERISTICS 



Characteristic 

Symbol 

Max 

Unit 

Thermal Resistance, Junction to Ambient — Plastic Package 

F*0JA 

65 

°C/W 

- Metal Package 


45 


Thermal Resistance, Junction to Case — Plastic Package 

Rojc 

50 

°c/w 

— Metal Package 


5 5 



MC7902C ELECTRICAL CHARACTERISTICS { V| = -10 V, Iq = 500 mA, 0°C <Tj <+125°C unless otherwise noted.) 
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IV1C7900C Series 


MC7905C ELECTRICAL CHARACTERISTICS (V| = -10 V, Iq = 500 mA, 0°C ‘CTj < +125°C, unless otherwise noted.) 



4 


MC7905.2C ELECTRICAL CHARACTERISTICS ( V| = -10 V, Iq = 500 mA, 0°C <Tj <+125°C, unless otherwise noted ) 
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MC7900C Series 


MC7906C ELECTRICAL CHARACTERISTICS ( Vi = -11 V, Iq = 500 mA, 0°C <Tj <+125°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25°C) 

Vo 

-5.75 

-6.0 

-6.25 

Vdc 

Line Regulation 

f^69line 




mV 

(Tj = +25°C, Iq = 100mA) 

-3.0Vdc>V| >-25Vdc 



9.0 

n 


-9.0 Vdc> V| >-13 Vdc 


- 

3.0 



(Tj = +25°C, Iq = 500 mA) 

-8.0 Vdc> V| >-25 Vdc 



43 

120 


-9.0 Vdc> V| >-13 Vdc 


- 

10 

60 


Load Regulation 

Regioad 




mV 

Tj = +25°C, 5.0 mA <lo< 1.5 A 


- 

13 

120 


250 mA<lo< 750 mA 


- 

5.0 

60 


Output Voltage 

Vo 

-5.7 

- 

-6.3 

Vdc 

-8.0 Vdc > V| >-21 Vdc, 5.0 mA <lo <1.0 A, P <15 W) 






Input Bias Current (Tj = +25°C) 

l|B 

- 

4.3 

8.0 

mA 

Input Bias Current Change 

*I|B 




mA 

-8 0 Vdc> V| >-25 Vdc 


- 

- 

1.3 


5.0 mA <lo <1.5 A 


- 

- 

0.5 


Output Noise Voltage (Ta = +25°C, 10 Hz <f <100 kHz) 

6on 

- 

45 

- 

mV 

Long-Term Stability 

AVo/At 

- 

- 

24 

mV/I.OkHrs 

Ripple Reiection (Iq = 20 mA, f = 120 Hz) 

RR 

- 

65 

- 

dB 

Input-Output Voltage Differential 

IV|-Vol 

- 

2.0 

_ 

Vdc 

IO = 1.0A, Tj = +25°C 





Average Temperatbre Coefficient of Output Voltage 

aVq/^T 

- 

-1.0 

- 

mV/OC 

Iq = 5.0 mA, 0°C <Ta <+125°C 





MC7908C ELECTRICAL CHARACTERISTICS ( V| = -14 V, Iq = 

500 mA, 0°C <Tj < -H25‘^ 

C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = -^25®C) 

Vo 

-7.7 

-8.0 

-8.3 

Vdc 

Line Regulation 

11®9line 



■■ 

mV 

(Tj =+25°C, Iq = 100 mA) 

-10.5 Vdc >Vi >-25 Vdc 


12 




-11 Vdc> V| > -17 Vdc 


- 

5.0 



(Tj = +25°C, Iq = 500 mA) 

-10.5 Vdc> V| >-25 Vdc 



50 

160 


-11 Vdc> V| >-17 Vdc 


- 

22 

80 


Load Regulation 

Regioad 




mV 

Tj = -t25°C, 5.0 mA < Iq < 1.5 A 


- 

26 

160 


250 mA < Iq <750 mA 


- 

9.0 

80 


Output Voltage 

Vo 

-7.6 

_ 

-8.4 

Vdc 

-10.5Vdc>V| >-23 Vdc, 5.0mA<lo< 1.0A,P<15W 






Input Bias Current (Tj = -^25°C) 

'IB 

- 

4.3 

8.0 

mA 

Input Bias Current Change 

^l|B 




mA 

-10.5 Vdc> V| >-25 Vdc 


- 

- 

1.0 


5.0 mA<lo<1.5A 


- 

- 

0.5 


Output Noise Voltage (Ta = +25°C, 10 Hz <f < 100 kHz) 

6on 

- 

52 

- 

mV 

Long-Term Stability 

AVo/At 

- 

- 

32 

mV/1.Ok Hrs 

Ripple Rejection (Iq = 20 mA, f = 120 Hz) 

RR 

- 

62 

- 

dB 

Input-Output Voltage Differential 

IV|-Vol 

- 

2.0 

- 

Vdc • 

l0 = 1.0 A,Tj = +25°C 






Average Temp)erature Coefficient of Output Voltage 

aVq/^T 

- 

-1.0 


mV/Oc 

Iq = 5.0 mA, 0°C <Ta < + 125°C 
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MC7900C Series 


MC7912C ELECTRICAL CHARACTERISTICS ( V| = -19 V, Iq = 500 mA, 0°C<Tj<+125°C, unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25°C) 

Vo 

-11.5 

-12 

-12.5 

Vdc 

Line Regulation 

^®9line 




mV 

(Tj = +25°C, Iq = 100 mA) 

-14.5 Vdc> V| >-30 Vdc 


_ 

13 

120 


-16 Vdc> V| >-22 Vdc 


- 

6.0 

60 


(Tj = +25°C, Iq = 500 mA) 

-14.5 Vdc> V| >-30 Vdc 


_ 

55 

240 


-16 Vdc> V| >-22 Vdc 


- 

24 

120 


Load Regulation 

Regioad 




mV 

Tj = +25°C, 5.0 mA <lo < 1.5 A 


- 

46 

240 


250 mA <lo <750 mA 


- 

17 

120 


Output Voltage 

Vo 

-11.4 

- 

-12.6 

Vdc 

-14.5 Vdc > V| >-27 Vdc. 5.0 mA < Iq < 1 0 A, P < 15 W 






Input Bias Current (Tj = +25°C) 

■iB 

- 

4.4 

8.0 

mA 

Input Bias Current Change 

^l|B 




mA 

-14.5 Vdc >V| >-30 Vdc 


- 

- 

1.0 


5.0 mA <lo <1.5 A 


- 

- 

0.5 


Output Noise Voltage (Ta = +25°C, 10 Hz <f <100 kHz) 

®on 

- 

75 

- 

pV 

Long-Term Stability 

A VoMt 

- 

- 

48 

mV/1.0 k Hrs 

Ripple Rejection (Iq = 20 mA, f = 120 Hz) 

RR 

- 

61' 

- 

dB 

Input-Output Voltage Differential 

IV|-Vol 

- 

2.0 

- 

Vdc 

Iq = 1.0 A,Tj = +2S°C 





Average Temperature Coefficient of Output Voltage 

^Vq/^T 

- 

-1.0 

- 

mV/"C 

Iq = 5.0 mA, CPC <Ta <+125°C 






MC7915C ELECTRICAL CHARACTERISTICS ( V| = -23 V, Iq = 500 mA, 0°C <Tj <+125°C, unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = -t25°C) 

Vo 

-14.4 

-15 

-15.6 

Vdc 

Line Regulation 

Regijne 




mV 

(Tj =-t25°C, lo= 100 mA) 

-17.5 Vdc> V| >-30 Vdc 



14 

150 


-20Vdc>V| >-26 Vdc 


- 

6.0 

75 


(Tj = -r25°C, Iq = 500 mA) 

-17.5 Vdc> V| >-30 Vdc 


_ 

57 

300 


-20Vdc>V| >-26 Vdc 


- 

27 

150 


Load Regulation 

Regioad 




mV 

Tj = -^25°C, 5.0 mA <lo <1.5 A 


- 

68 

300 


250 mA<lo<750mA 


- 

25 

150 


Output Voltage 

Vo 

-14.25 

- 

-15.75 

Vdc 

-17.5 Vdc > V| >-30 Vdc, 5.0 mA <lo < 1.0 A, P < 15 W 






Input Bias Current (Tj = +25“C) 

■iB 

- 

4.4 

8.0 

mA 

Input Bias Current Change 

^l|B 




mA 

-17.5 Vdc> V| >-30 Vdc 

- 

- 

1.0 


5.0mA<lo<1.5A 


- 

- 

0.5 


Output Noise Voltage (Ta = +25°C, 10 Hz <f <100 kHz) 

®on 

- 

90 

- 

pV 

Long-Term Stability 

AVg/At 

- 

- 

60 

mV/1.0 k Hrs 

Ripple Rejection (Ig = 20 mA, f = 120 Hz) 

RR 

- 

60 

- 

dB 

Input-Output Voltage Differential 

IV|-Vg| 

- 

2.0 

- 

Vdc 

Iq = 1.0 a, Tj = -t-25°C 






Average Temperature Coefficient of Output Voltage 

AVg/tsT 

- 

-1.0 

- 

mV/“C 

Iq = 5.0 mA, 0°C <Ta <+125°C 





















































































































MC7900C Series 


MC7918C ELECTRICAL CHARACTERISTICS (V| = -27 V, Iq =500 mA,0°C<Tj<+125Oc, unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25°C) 

Vo 

-17.3 

-18 

-18.7 

Vdc 

Line Regulation 

^®9line 




mV 

(Tj = + 25 OC, Iq = 100 mA) 

-21 Vdc> V| >-33 Vdc 


_ 

25 

180 


-24 Vdc> V| >-30 Vdc 


- 

10 

90 


(Tj = +25°C, Iq = 500 mA) 

-21 Vdc> V| >-33 Vdc 


_ 

90 

360 


-24 Vdc> Vj >-30 Vdc 


- 

50 

180 


Load Regulation 

Regioad 




mV 

Tj = +25°C, 5.0 mA < Iq < 1.0 A 


— 

110 

360 


250 mA<lo<750 mA 


- 

55 

180 


Output Voltage 

Vo 

-17.1 

- 

-18.9 

Vdc 

-21 Vdc> V) >-33 Vdc,5.0mA<lo<1.0A,P<15W 






Input Bias Current (Tj = +25°C) 

Mb 

- 

4.5 

8.0 

mA 

Input Bias Current Change 

^Mb 




mA 

-21 Vdc> V| >-33 Vdc 


- 

- 

1.0 


5.0mA<lo<1.0A 


- 

- 

0.5 


Output Noise Voltage (Ta = +25°C, 10 Hz <f <100 kHz) 

®on 

- 

110 

- 


Long-Term Stability 

AVo/At 

- 

- 

72 

mV/I.OkHrs 

Ripple Rejection (Iq = 20 mA, f = 120 Hz) 

RR 

- 

59 

- 

dB 

Input-Output Voltage Differential 

|V|-Vol 

- 

2.0 

- 

Vdc 

IO = 1.0A,Tj = -t-25°C 






Average Temperature Coefficient of Output Voltage 

^Vq/'^T 

- 

-1.0 

- 

mV/Oc 

Iq = 5.0 mA, 0°C <Ta < + 125°C 





MC7924C ELECTRICAL CHARACTERISTICS ( V| = -33 V, Iq = 

500 mA,0°C<Tj <-1-125 

^C, unless otherwise noted.) 


Characteristic 

msssM 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = ■l•25°C) 

Vo 

-23 

-24 

-25 

Vdc 

Line Regulation 

Regiine 




mV 

(Tj = -i-250C, Iq = 100 mA) 

-27 Vdc> V| >-38 Vdc 


_ 

31 

240 


-30 Vdc> V| >-36 Vdc 


- 

14 

120 


(Tj = +25°C, Iq = 500 mA) 

-27 Vdc> V| >-38 Vdc 



118 

480 


-30Vdc>V| >-36 Vdc 


- 

70 

240 


Load Regulation 

Regioad 




mV 

Tj = -^250C, 5.0 mA < Iq < 1.0 A 


- 

150 

480 


250 mA <lo <750 mA 


- 

85 

240 


Output Voltage 

Vo 

-22.8 

- 

-25.2 

Vdc 

-27 Vdc > V| >-38 Vdc, 5.0 mA < Iq < 1.0 A, P < 15 W 






Input Bias Current (Tj = ■l•25°C) 

Mb 

- 

4.6 

8.0 

mA 

Input Bias Current Change 

^Mb 




mA 

-27 Vdc> V| >-38 Vdc 


- 

- 

1.0 


5.0mA<lo<1.0A 


- 

- 

0.5 


Output Noise Voltage (Ta = +25°C, 10 Hz <f < 100 kHz) 

®on 

- 

170 

- 

mV 

Long-Term Stability 

AVo/At 

- 

- 

96 

mV/I.OkHrs 

Ripple Rejection (Iq = 20 mA,f = 120 Hz) 

RR 

- 

56 

- 

dB 

Input-Output Voltage Differential 

IVi-VqI 

- 

2.0 

- 

Vdc 

IO = 1.0A.Tj = +25°C 






Average Temperature Coefficient of Output Voltage 

^sVq/'^T 

- 

-1.0 

- 

mV/OC 

Iq = 5.0 mA, 0°C <Ta <-H25°C 
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RR, RIPPLE REJECTION (dB) iQ. OUTPUT CURRENT (AMPERES) 


MC7900C Series 


TYPICAL CHARACTERISTICS 

{Ta = +25°C unless otherwise noted.) 


FIGURE 1 - WORST CASE POWER DISSIPATION AS A 
FUNCTION OF AMBIENT TEMPERATURE (TO-220) 



Ta, AMBIENT TEMPERATURE (“C) 


FIGURE 2 - WORST CASE POWER DISSIPATION AS A 
FUNCTION OF AMBIENT TEMPERATURE (TO-3) 



Oil—---1-1-1-^-1_ \ _1_I 

25 50 75 100 125 150 


Ta, AMBIENT TEMPERATURE (“C) 



FIGURE 3 - PEAK OUTPUT CURRENT AS A FUNCTION OF 
INPUT-OUTPUT DIFFERENTIAL VOLTAGE 


FIGURE 4 - RIPPLE REJECTION ASA FUNCTION 
OF FREQUENCY 



|V|-Vol, INPUT-OUTPUT VOLTAGE DIFFERENTIAL (VOLTS) 



10 100 10k 10 k 100 k 

f, FREQUENCY (Hi) 


FIGURE 5 - RIPPLE REJECTION ASA FUNCTION OF 
OUTPUT VOLTAGES 


FIGURE 6 - OUTPUT VOLTAGE ASA FUNCTION 
OF JUNCTION TEMPERATURE 



2.0 4.0 6.0 8 0 10 12 14 16 18 20 22 

Vo, OUTPUT VOLTAGE (VOLTS) 



-25 0 +25 +50 +75 +1O0 +125 +150 +175 

Tj, JUNCTION TEMPERATURE (“0 
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I|B, INPUT BIAS CURRENT (mA) 


MC7900C Series 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 7 - QUIESCENT CURRENT AS A FUNCTION 
OF TEMPERATURE 



0 25 SO 75 100 125 

Tj, JUNCTION TEMPERATURE (<>0 


DEFINITIONS 

Line Regulation -.The change in output voltage for a change in 
the input voltage. The measurement is made under conditions of 
low dissipation or by using pulse techniques such that the average 
chip temperature is not significantly affected. 

Load Regulation - The change in output voltage for a change in 
load current at constant chip temperature. 

Maximum Power Dissipation - The maximum total device dissi¬ 
pation for which the regulator will operate within specifications. 

Input Bias Current - That part of the input current that is not 
delivered to the load. 

Output Noise Voltage - The rms ac voltage at the output, with 
constant load and no input ripple, measured over a specified fre¬ 
quency range. 

Long Term Stability - Output voltage stability under accelerated 
life test conditions with the maximum rated voltage listed in the 
devices’ electrical characteristics and maximum power dissipation. 
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IVIC7900C Series 


APPLICATIONS INFORMATION 


Design Considerations 

The MC790C)C Series of fixed voltage regulators are designed 
with Thermal Overload Protection that shuts down the circuit 
when subjected to an excessive power overload condition. Internal 
Short-Circuit Protection that limits the maximum current the cir¬ 
cuit will pass, and Output Transistor Safe-Area Compensation that 
reduces the output short-circuit current as the voltage across the 
pass transistor is increased 

In many low current applications, compensation capacitors are 
not required However, it is recommended that the regulator 
input be bypassed with a capacitor if the regulator is connected 


to the power supply filter with long wire lengths, or if the output 
load capacitance is large An input bypass capacitor should be 
selected to provide good high-frequency characteristics to insure 
stable operation under all load conditions. A 0 33 mF or larger 
tantalum, mylar, or other capacitor having low internal impedance 
at high frequencies should be chosen. The bypass capacitor should 
be mounted with the shortest possible leads directly across the reg¬ 
ulators input terminals. Normally good construction techniques 
should be used to minimize ground loops and lead resistance 
drops since the regulator has no external sense lead. Bypassing the 
output IS also recommended. 


FIGURE 8 - CURRENT REGULATOR 


FIGURE 9 - CURRENT BOOST REGULATOR 
(-5.0 V (s> 4.0 A, with 5.0 A current limiting) 



The IVIC7902, -2 0 V regulator can be used as a constant current 
source when connected as above The output current is the sum of 
resistor R current and quiescent bias current as follows 

2 V 

lo— 

The quiescent current for this regulator is typically 4.3 mA. 
The 2.0 volt regulator was chosen to minimize dissipation and to 
allow the output voltage to ojaerate to within 6.0 V below the 
input voltage 



•Mounted on common heat sink, Motorola MS-10 or equivalent 
When a boost transistor is used, short-circuit currents are equal 
to the sum of the series pass and regulator limits, which are 
measured at 3 2 A and 1.8 A respectively in this case. Series pass 
limiting is approximately equal to 0 6 V/Rsq Operation beyond 
this point to the peak current capability of the l\/IC7905C is pos¬ 
sible if the regulator is mounted on a heat sink; otherwise thermal 
shutdown will occur when the additional load current is picked up 
by the regulator. 


FIGURE 10 - OPERATIONAL AMPLIFIER SUPPLY 
(±15 V® 1.0A) 


FIGURE 11 - TYPICAL MECL SYSTEM POWER SUPPLY 
(-5.2 V (3 4 0 A and -2 0 V ls> 2 0 A; for PC Board) 


OmF i 1 OpF 


T r' 


iL 

2kl-OMF 


The MC7815 and MC7915 positive and negative regulators may 
be connected as shown to obtain a dual power supply for oper¬ 
ational amplifiers. A clamp diode should be used at the output of 
the MC781 5 to prevent potential latch-up problems. 



When current-boost power transistors are used, 47-ohm base-to- 
emitter resistors (R) must be used to bypass the quiescent current 
at no load. These resistors, m conjunction with the VgE of th® 
NPN transistors, determine when the pass transistors begin con¬ 
ducting. The 1-ohm and 4-ohm dropping resistors were chosen to 
reduce the power dissijaated in the boost transistors but still leave 
at least 2.0 V across these devices for good regulation. 
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MC79L00C,AC series 


THREE-TERMINAL NEGATIVE 
VOLTAGE REGULATORS 

The I\/1C79L00 Series negative voltage regulators are inexpensive, 
easy-to-use devices suitable for numerous applications requiring up to 
100 mA. Like the higher powered (\/1C7900 Series negative regulators, 
this series features thermal shutdown and current limiting, making 
them remarkably rugged. In most applications, no external com¬ 
ponents are required for operation. 

The MC79L00 devices are useful for on-card regulation or any 
other application where a regulated negative voltage at a modest 
current level is needed. These regulators offer substantial advantage 
over the common resistor/zener diode approach. 

• No External Components Required 

• Internal Short-Circuit Current Limiting 

• Internal Thermal Overload Protection 

• Low Cost 

• Complementary Positive Regulators Offered 

(MC78LOO Series) 

• Available in Either ±5% (AC) or±10% (C) Selections 


REPRESENTATIVE CIRCUIT SCHEMATIC 


THREE-TERMINAL 
NEGATIVE FIXED 
VOLTAGE REGULATORS 


PSUFFIX 

CASE 29 
TO-92 


1. Ground 

2. Input 

3. Output 





G SUFFIX 
CASE 79 
TO-39 


Pin 1. Ground ^ 

2. Output ! o ^ 

3. Input 1 ( o ° ) 3 

(Case connected ( ^ y 
to pin 3) Bottom View 


STANDARD APPLICATION 



^tnCq* * 

J 0.1 pF 


A common ground is required between the 
input and the output voltages. The input volt¬ 
age must remain typically 2.0 V above the out¬ 
put voltage even during the low point on the 
input ripple voltage. 

* = C| is required if regulator is located an 
appreciable distance from power supply 
filter. 

•*= Cq improves stability and transient 
response. 
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MC79L00C, AC Series 


MC79L00C Series MAXIMUM RATINGS (T/\ = +25°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 


V| 

-30 

Vdc 



-35 




-40 


Storage Temperature Range 

^stg 

-65 to +150 

°C 

Junction Temperature Range 

Tj 

0 to +150 

"C 


MC79L03C, AC ELECTRICAL CHARACTERISTICS (V| = -10 V, Iq = 40nnA, C| = 0.33 mF, Cq = 0.1 mF, 


0°C < Tj < +125°C unless otherwise noted ) 




MC79L03C 

MC79L03AC 


Characteristic 

Symbol 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25°C) 

Vq 

-2.76 

-3.00 

-3.24 

-2.88 

-3 0 

-3 12 

Vdc 

Input Regulation 

f^®9line 







mV 

(Tj = +25°C) 









-7 0 Vdc > V| > -20 Vdc 




80 



60 


-8.0 Vdc > V| > -20 Vdc 




60 


B9III 

40 


Load Regulation 

R®9load 





BBB 


mV 

Tj = +25°C, 1.0 mA < Iq < 100 mA 




72 



72 


1.0 mA < Iq < 40 mA 




36 

{Bull 

IBH! 

36 


Output Voltage 

Vo 

M 

^Bm 




aa 

Vdc 

-7.0 Vdc > V| > -20 Vdc, 1.0 mA < Iq < 40 mA 




-3.3 

-2.85 


as 


V| = -10 Vdc, 1.0mA<lo<70mA 


waM 


-3.3 

-2.85 

aa 

aa 


Input Bias Current 

'IB 







mA 

(Tj = +25°C) 




6.0 



6.0 


(Tj = +125°CI 




5.5 


anH 

5.5 


Input Bias Current Change 

^l|B 


HIIIBI 

■■ 




mA 

-8.0 Vdc > V| > -20 Vdc 







-1.5 


1.0 mA < Iq < 40 mA 




■a 

USUI 

ayilll 

-0.1 


Output Noise Voltage 

Vn 

■BUI 

30 

- 

- 

30 

- 

mV 

(Ta = +25°C, 10 Hz < f < 100 kHz) 









Long-Term Stability 

AVoMt 

- 

10 

- 

- 

10 

- 

mV/1 0 k Hrs. 

Ripple Rejection 

RR 

44 

51 

- 

45 

51 

- 

dB 

(-8.0 > V| > -18 Vdc, f = 120 Hz, Tj = 25°C) 









Input-Output Voltage Differential 

/V|-Vo/ 

- 

1 7 

- 

- 

1.7 

- 

Vdc 

lO = 40 mA, Tj = +25°C 
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MC79L00C, AC Series 


MC79L05C, AC Series ELECTRICAL CHARACTERISTICS (V| = -10 V, Iq =40mA, C| = 0.33 /jF, Cq = 0.1 /jF, 


0°C < Tj < +1 25°C unless otherwise noted.) 




MC79L05C 

MC79L05AC 


Characteristic 

Symbol 

Min 

Typ 

Max 

Min 

Typ 

Max 

Unit 

Output Voltage (Tj = +25°C) 

Vo 

-4.6 

-5.0 

-5.4 

-4.8 

-5.0 

-5.2 

Vdc 

Input Regulation 

f^®9line 







mV 

(Tj = +25°C) 









-7.0 Vdc >\I\> -20 Vdc 




200 



150 


-8.0 Vdc >\I\> -20 Vdc 




150 



100 


Load Regulation 

Reaioad 







mV 

Tj = +25°C, 1.0 mA < Iq < 100 mA 




60 



60 


1.0 mA < Iq < 40 mA 




30 



30 


Output Voltage 

Vo 

■■ 

■nm 


Pil 



Vdc 

-7 0 Vdc >V\> -20 Vdc, 1.0mA< Iq <40mA 


B9 


-5 5 



-5.25 


V| = -10 Vdc, 1.0 mA < Iq < 70 mA 


Ba 


-5.5 



-5 25 


Input Bias Current 

l|B 







mA 

(Tj = +25°C) 




6.0 



6.0 


(Tj = +125°C) 



IIBIII 

5.5 

HHI 

IBB 

5.5 


Input Bias Current Change 

^'IB 



■■ 




mA 

-8.0 Vdc > Vj > -20 Vdc 







1.5 


1.0 mA < Iq < 40 mA 




BB 



0.1 


Output Noise Voltage 

vn 

- 

40 

- 

- 

40 

- 

aV 

(Ta = +25°C, 10 Hz < f < 100 kHz) 









Long-Term Stability 

AVo/^t 

- 

12 

- 

- 

12 

- 

mV/1 .Ok Hrs. 

Ripple Rejection 

RR 

40 

49 

- 

41 

49 

- 

dB 

(-8.0 > V| > 18 Vdc, f = 120 kHz,Tj = 25°C) 









Input-Output Voltage Differential 

/Vj-Vq/ 

- 

1.7 

- 

- 

1.7 

- 

Vdc 

l0 = 40 mA,Tj = -l■25°C 










MC79L12C, AC ELECTRICAL CHARACTERISTICS (V| = -19 V, Iq = 40 mA, C| = 0.33 mF, Cq = 0.1 mF, 

0°C < Tj < +125°C unless otherwise noted ) 


Characteristic 

Symbol 

Output Voltage (Tj = -^25°C) 

Vo 

Input Regulation 
(Tj = ■l-25°C) 

-14.5 Vdc > Vp -27 Vdc 
-16 Vdc ^ V|> -27 Vdc 

*^®9lme 

Load Regulation 

Tj = ■l■25°C, 1.0 mA < Iq < 100 mA 

1 0 mA < Iq < 40 mA 

Regioad 

Output Voltage 

-14.5 Vdc > V| > -27 Vdc, 1.0mA < lo<40mA 
V| = -19Vdc, 1.0mA<lo<70mA 

Vo 

Input Bias Current 
(Tj = -l•25°C) 

(Tj = -H25°C) 

•iB 

Input Bias Current Change 
-16 Vdc > V| > -27 Vdc 

1.0 mA < Iq < 40 mA 

*I|B 

Output Noise Voltage 

(Ta = +25°C, 10 Hz < f < 100 kHz) 

Vn 

Long-Term Stability 

*Vo/*t 

Ripple Rejection 

(-15< V| <-25 Vdc, f= 120Hz,Tj =-^25°C) 

RR 

Input-Output Voltage Differential 

Iq = 40 mA, Tj = ■^25°C 

/V|-Vo/ 


MC79L12C 






MC79L12AC 

















































































































































MC79L00C, AC Series 


MC79L15C, AC ELECTRICAL CHARACTERISTICS (V| = -23 V, Iq = 40 mA, C| = 0.33 mF, Cq = 0.1 mF, 


Characteristic 

Symbol 

Output Voltage (Tj = +25°C) 

Vo 

Input Regulation 
(Tj = +25°C) 

-17.5 Vdc > V|>-30 Vdc 
-20 Vdc > V| >-30 Vdc 

Flegijne 

Load Regulation 

Tj = +25°C, 1.0 mA < Iq < 100 mA 

1.0 mA < Iq < 40 mA 

Regjoad 

Output Voltage 

-17.5 Vdc > V|-> -30 Vdc, 1.0 mA < Iq «,40mA 
V| = -23 Vdc, 1.0 mA < Iq < 70mA 

Vo 

Input Bias Current 
(Tj = +25°C) 

(Tj = +I 25OC) 

<IB 

Input Bias Current Change 
-20 Vdc > V| > -30 Vdc 

1.0 mA < 10 < 40 mA 

^l|B 

Output Noise Voltage 

(Ta = +25°C, 10 Hz < f < 100 kHz) 

Vn 

Long-Term Stability 

AVg/^t 

Ripple Rejection 

(-18.5 < V| < -28.5 Vdc, f = 120 Hz) 

RR 

Input-Output Voltage Differential 

IO = 40 mA, Tj =-^25°C 

/Vj-Vq/ 


0°C < Tj < +125°C unless otherwise noted.) 


MC79L15C MC79L15AC 


Min I Typ Max Min Typ Max 


-13.8 -15 -16.2 -14.4 -15 -15.6 



MC79L18C. AC ELECTRICAL CHARACTERISTICS (V, = -27 V, Iq = 40 mA, C, = 0 33 mF, Cq = 0 1 mF, 


0°C < Tj < +125°C unless otherwise noted.) 

MC79L18C I MC79L18AC 


Characteristic 

Symbol 

Output Voltage (Tj = -^25°C) 

Vo 

Input Regulation 
(Tj = -t25°C) 

-20.7 Vdc > V| > -33 Vdc 
-21.4 Vdc > V| >-33 Vdc 
-22 Vdc > V| >-33 Vdc 
-21 Vdc > V| > -33 Vdc 

f^®9line 

Load Regulation 

Tj = -H25°C, 1.0 mA < Iq < 100 mA 

1 0 mA < Iq < 40 mA 

F'69load 

Output Voltage 

-20.7 Vdc > V| > -33 Vdc, 1.0 mA< 40 mA 

-21 4 Vdc > V| > -33 Vdc, 1.0 mA < Ig <40mA 
V| = -27 Vdc, 1.0 mA < Ig < 70 mA 

Vo 

Input Bias Current 
(Tj = +25°C) 

(Tj = ■H25°C) 

l|B 

Input Bias Current Change 
-21 Vdc > V| > -33 Vdc 
-27 Vdc > V| > -33 Vdc 

1.0 mA < Ig < 40 mA 

"•iB 

Output Noise Voltage 

(Ta= +25°C, 10 Hz < f < 100 kHz) 

Vn 

Long-Term Stability 

AVg/At 

Ripple Rejection 

(-23 < V| < -33 Vdc, f = 120 Hz, Tj = -t25°C) 

RR 

Input-Output Voltage Differential 

Ig = 40 mA, Tj = ■l■25°C 

/V|-Vg/ 



Unit 

Vdc 

mV 


mV 


Vdc 


mA 


mA 


mV 


mV/1.0 k Hrs. 

di 


Vdc 
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MC79L00C, AC Series 


MC79L24C, AC ELECTRICAL CHARACTERISTICS (V, = -33 V, Iq -= 40 mA, C, = 0 33 mF, Cq = 0.1 kF, 

0°C < Tj < +125°C unless otherwise noted.) 


Characteristic 

Symbol 

MC79L24C 

MC79L24AC 

Unit 

Min 

Typ 

Max 

Min 

Typ 

Max 

Output Voltage (Tj = -f25°C) 

Vo 

-22.1 

-24 

-25.9 

-23 

-24 

-25 

Vdc 

Input Regulation 

^®9line 


mim 





mV 

(Tj = -h25°C) 









-27 Vdc > V| > -38 V 







350 


-27.5 Vdc> V|>-38 Vdc 







- 


-28 Vdc >M\> -38 Vdc 




BB 



300 


Load Regulation 

Ftegioad 

■■■ 



■mu 

■^m 


mV 

Tj = -i-25°C, 1.0 mA < Iq < 100 mA 




200 



200 


1.0 mA < Iq < 40 mA 




100 



100 


Output Voltage 

Vo 





mmi 


Vdc 

-27 Vdc >\l\> -38 V, 1 0 mA < Iq < 40 mA 





-22 8 


-25.2 


-28 Vdc >V\> -38 Vdc, 1 0mA < lo<40mA 


-21.4 



- 


- 


V| = -33 Vdc, 1.0 mA < Iq < 70 mA 


-21 4 



-22.8 


-25.2 


Input Bias Current 

)|B 




mmi 



mA 

(Tj = -f25°C) 




6.5 



6.5 


(Tj = -H25°C) 




6.0 



60 


Input Bias Current Change 

^•iB 





■mil 


mA 

-28 Vdc > V| > -38 Vdc 







1 5 


1.0 mA < Iq < 40 mA 







0 1 


Output Noise Voltage 

Vn 

- 

200 

- 

- 

200 

- 

PV 

(Ta = +25°C, 10 Hz < f < 100 kHz) 









Long-Term Stability 


- 

56 

- 

- 

56 

- 

mV/1.0 k Hrs. 

Ripple Rejection 

RR 

30 

43 

- 

31 

47 

- 

dB 

(-29 < V| < -35 Vdc, f = 120 Hz, Tj = 25°C) 









Input-Output Voltage Differential 

/V,-Vo/ 

- 

1.7 

- 

- 

1.7 

- 

Vdc 

l0 = 40 mA,Tj = -h25°C 










APPLICATIONS INFORMATION 


Design Considerations 

The MC79L00C Series of fixed voltage regulators are designed 
with Thermal Overload Protection that shuts down the circuit 
when subiected to an excessive power overload condition. Internal 
Short-Circuit Protection that limits the maximum current the cir¬ 
cuit will pass 

In many low current applications, compensation capacitors are 
not required However, it is recommended that the regulator 
input be bypassed with a capacitor if the regulator is connected 
to the power supply filter with long wire lengths, or if the output 
load capacitance is large An input bypass capacitor should be 


selected to provide good high-frequency characteristics to insure 
stable operation under all load conditions. A 0 33 nF or larger 
tantalum, mylar, or other capacitor having low internal impedance 
at high frequencies shouid be chosen. The bypass capacitor should 
be mounted with the shortest possible leads directly across the 
regulators input terminals. Normally good construction techniques 
should be used to minimize ground loops and lead resistance drops 
since the regulator has no external sense lead. Bypassing the out¬ 
put IS also recommended. 


CURRENT REGULATOR 


POSITIVE AND NEGATIVE REGULATOR 


-20 V 
I nput • 


MC79L03C 


0 33 mF 


The IVIC79L03, -3 0 V regulator can be used as a constant current 
source when connected as above. The output current is the sum of 
resistor R current and quiescent bias current as follows 

3 V 

The quiescent current for this regulator is typically 3 8 mA. 
The -3.0 volt regulator was chosen to minimize dissipation and to 
allow the output voltage to operate to within 6 0V below the 
input voltage 




L_ 

■•.Vi °- j—j 

0 33 pF ^ 



n 

-0 1 pF 


1 ^7lr7QI vv L 


' i 

V| 0-1- 

0 33 UF 

1 

z_[ 

_ 

rO 1 pF 

1 

_ 
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MC79L00C, AC Series 


TYPICAL CHARACTERISTICS 

(T;\ = +25°C unless otherwise noted.) 



0 -2D -4 0 -6 0 -8 0 -10 

V|, INPUT VOLTAGE (VOLTS) 


FIGURE 2- DROPOUT VOLTAGE versus 
JUNCTION TEMPERATURE 



FIGURE 3 - INPUT BIAS CURRENT versus 
AMBIENT TEMPERATURE 


FIGURE 4 - INPUT BIAS CURRENT versus 
INPUT VOLTAGE 



0 25 SO 75 100 125 

Ta, AMBIENTTEMPERATUBE (<>0 



0 -5.0 -10 -15 -20 -25 -30 -35 -40 

V|, INPUT VOLTAGE (VOLTS) 



FIGURE 5 - MAXIMUM AVERAGE POWER DISSIPATION 
versus AMBIENT TEMPE RATU RE - TO-BS Type Psekese 



FIGURE 6 - MAXIMUM AVERAGE POWER DISSIPATION versus 
AMBIENT TEMPERATURE - TO-39 Type Package 
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CIRCUITS FOR 
CONSUMER APPLICATIONS 

... reflecting Motorola’s continuing commitment integrated circuit devices that satisfy the primary 

to semiconductor products necessary for con- functions for Television, Audio, Radio, Citizens 

sumer system designs. This tabulation is arranged Band, Automotive and Organ applications, 

to simplify first-order selection of consumer 

Television Circuits 


SOUND 


Function 

Features 

Case 

Type 

Sound IF, Detector, Limiter, 
Audio Preamplifier 

80 /iV, 3 dB Limiting Sensitivity, 3.5 V (RMS) Output, 
Sufficient for Single Transistor Output Stage 

646 

MC1351 

Sound IF Detector 

Interchangeable with LILN2111A 

646 

MCI 357 

Sound IF Detector, 
dc Volume Control. 
Preamplifier 

Excellent AMR, Interchangeable with CA3065 

646 

MCI 358 

Sound IF, Low Pass Filter, 
Detector, dc Volume 

Control, Preamplifier, 

Power Amplifier 

Complete TV Sound System; 100 /iV, 3 dB Limiting 
Sensitivity; 4 Watts Output; Vqq = 24 V; R^_ = 16 fl 

722A 

TDA1190Z 


648 

TDA1190P 


VIDEO 


1st and 2nd Video IF 

Amplifier 

IF Gain @45 MHz =60dB typ, AGC Range = 70 dB min 

626 

MCI 349 

IF Gain @45 MHz =50 dB typ,AGC Range = 60 dB min 

626 

MC1350 

1st and 2nd Video IF, AGC 
Keyer and Amplifier 

IF Gain @45 MHz = 53dB typ, AGC Range = 75 dB min, 
“Forward AGC” Provided for Tuner 

646 

MCI 352 

3rd IF, Video Detector, 

Video Buffer, and 

AFC Buffer 

Low-Level Detection, Low Harmonic Generation, 

Zero Signal dc Output Voltage of 7.0 to 8.2 V 

626 

MC1330A1 

Same as MC1330A1 except zero signal dc output 
voltage of 7.8 to 9.0 V 

626 

MC1330A2 

Automatic Fine Tuning 

High Gain AFT System, Interchangeable with CA3064 

646 

MCI 364 

Automatic Fine Tuning with 
Intercarrier Mixer/Amplifier 

AFT Circuit that Provides an AFT Voltage and an 
Amplified 4.5 MHz Intercarrier Sound Signal 

646 

CA3139 


CHROMA 


Chroma IF Amplifier and 
Subcarrier System 

Includes Complete Chroma IF, AGC, dc Gain and Tint 
Controls Injection Locked Oscillator, Low Peripheral 
Parts Count 

646 

MCI 398 

Chroma iF Amplifier and 
Subcarrier System (PLL) 

Includes Complete Chroma IF, AGC, dc Chroma and 
Hue Controls, Phase-Locked Loop (PLL) Oscillator, 
Color Killer Threshold Adjustment 

648 

MCI 399 

Dual Chroma Demodulators 

Dual Doubly-Balanced Demodulator with RGB Matrix 
and Chroma Driver Stages 

646 

MCI 324 

Dual Doubly-Balanced Demodulator with RGB Matrix 
and PAL Switch 

646 

MC1327 

Triple Chroma Demodulator 

Triple Doubly-Balanced Demodulator with 

Adjustable Output Matrix, Contains Three 

Independent Demodulators 

648 

MCI 323 


DEFLECTION 


Horizontal Processor 

Includes Linear Balanced Phase Detector, Oscillator 
and Predriver, Adjustable dc Loop Gain 

626 

MC1391 

Same as MCI391 except designed to accept negative 
sawtooth sync pulse 

626 

MCI 394 

Vertical Processor 

Includes Oscillator and Complementary Driver, Low 
Thermal Drift, Retrace Pulse for Effective Blanking 

648 

MC1393A 


TV GAMES/DISPLAY 


Color TV Video Modulator 

Includes Chroma Oscillator and Clock Driver, Lead 

646 

MCI 372 


and Lag Network, Chroma Modulator, RF Oscillator, 




and Modulator. 




Includes RF Oscillator and Modulator 

626 

MCI 373 


5-3 

























































































CIRCUITS FOR CONSUMER APPLICATIONS 


Audio Circuits 


POWER AMPLIFIERS 


FMture* 

Po 

Watt* 

Vcc 
Vdc Max 

V|n 

@ rated Pq 
mV Typ 

lo 

mA Typ 

Rl 

Ohm* 

Ca*e 

Type 

Audio Power Amplifiers 

0.5 

15 

3.0 

4.0 

8.0 

626 

MC1306 


0.25 

12 

3.0 

3.0 

16 

626 

MC3360 


8.0 

28 

50 

55 

2.0 

314A, 314B 

TDA2002 


Radio Circuits 

IF AMPLIFIERS 


Function 

Gain 

@ 10.7 MHz 
dBTyp 

3 dB Limiting 
@ 10.7 MHz 
mV (RMS) typ 

AMR 

dBTyp 

Recovered 
Audio Output 
f = ±75 kHz 
mV (RMS) 

Power 
Supply 
Volt* Max 

Case 

Type 

IF Amplifier 

58 

0.175 

60 

690 

18 

626 

MCI 350 

Limiting FM-IF Amplifier 

— 

0.600 

45 

480 

18 

646 

MCI 355 

Limiting IF Ampl/Quad 
Detector 

53 

0.4 

45 

480 

16 

646 

MCI 357 

IF Amplifier 

42 

60 

50 

500 

18 

626 

MC3310 

Low-Power FM-IF for Dual 
Conversion Scanning 
Receivers 


0.005 

50 

350 

(f = ±3.0 kHz) 

8.0 

648 

MC3357 


DECODERS 


Function 

Channel 

Separation 

dBTyp 

THD 
% Typ 

Stereo—Indicator 
Lamp Driver 
mA Max 

Features 

Case 

Type 

FM Multiplex Stereo Decoder 

47 

0.06 

50 

Coilless Operation; 

4.5 V Operation 

646 

MCI 309 


40 

0.3 

75 

Coilless Operation 

646 

MC1310 


45 

0.2 

100 

Variable Separation 

648 

TCA4500A 


AM RECEIVER 


Feature* 

Function 

Case 

Type 

AM Radio Subsystem 

RF Amplifier, AGC, Mixer, Oscillator, 1st IF Amplifier, 

2nd IF Amplifier and Detector 

648 

HA1199 
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CIRCUITS FOR CONSUMER APPLICATIONS 


Organ Circuits 


FREQUENCY DIVIDER 










<Tog 

VqH 



Function 

^mogniiii 

MHz Typ 

Vdc Min 

Cate 

Type 

7-Stage Divider 

6-16 

1.0 

12.0/15.0 

646 

MCI 302 


ATTENUATOR 


Function 

Vcc 

Range 

Vdc 

THD 
% Typ 

Ay 

dB Typ 

Attenuation 

Range 

dBTyp 

Cate 

Type 

Electronic Attenuator 

9.0-18 

0.6 

13 

90 

626 

MC3340 


Automotive Circuits 

OPERATIONAL AMPLIFIER 


Function 

Vcc 

Range 

Vdc 

Avoi 

V/VMin 

I|B 

ixA Max 

Unity Gain 
Bandwidth 
MHz Typ 

Cate 

Type 

Quad Operational Amplifier 

4.0-28 

1000 

0.3 

4.0 

646 

MC3301 

3.0-26 

— 

0.25 

1.0 

646 

LM2902 

Dual Operational Amplifier 

3.0-26 

— 

0.25 

1.0 

626 

LM2904 


COMPARATORS 



Function 

Vcc 

Range 

Vdc 

V|0 

mV Max 

ho 

nA Max 

hB 

nA Max 

Sink 
Current 
mA Typ 

Case 

Type 

Quad Comparators 

2.0-28 

±20 

— 

500 

6.0 

646, 632 

MC3302 



±7.0 




646 

LM2901 


2.0-36 

±5.0 

±50 

250 

16.0 


LM239 



±2.0 





LM239A 


VOLTAGE REGULATOR 


Function 

Features 

Case 

Type 

Automotive Voltage 

Regulator 

Designed for use with NPN Darlington; Overvoltage 
Protection; “Open Sense" Shut Down; Selectable 
Temperature Coefficient for Use in a Floating Field 
Alternator Charging System 

646 

MC3325 

Flip-Chip Automotive 

Voltage Regulator 

Same as MC3325 

— 

MCCF3326 


ELECTRONIC IGNITION 


Electronic Ignition Circuit 

Designed for use in High Energy Variable Dwell 
Electronic Ignition Systems with Variable 

Reluctance Sensors. Dwell and Spark Energy are 
Externally Adjustable 

646 

MC3333 

Flip-Chip Electronic 

Ignition Circuit 

Same as MC3333 

— 

MCCF3333 


SPECIAL FUNCTION 


Programmable Frequency 

Wide Input Frequency Range (10 Hz to 100 kHz) 

646, 632 

MC3344 

Switch 

Adjustable Hysteresis 



(Engine RPM Switch) 

Wide Supply Operating Range (7 to 24 V) 
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CIRCUITS FOR CONSUMER APPLICATIONS 


Transistor Arrays 


GENERAL-PURPOSE 


Function 

*C (max) 
mA 

VCEO 
Volts Max 

VCBO 
Volts Max 

Vebo 

Volts Max 

Case 

Type 

One Differentially Connected pair 
and Three Isolated Transistors 

50 

15 

20 

5.0 

646 

MC3346 

MC3386 

Dual Independent Differential 
Amplifiers with Associated 
Constant Current Transistors 

50 

15 

20 

5.0 

646 

CA3054 


Special Functions 


Function 

Features 

ESI 

Type 

Emitter-Coupled Astable 
Multivibrator 

Useful as DC-DC Converter, Power Regulator or 
Multivibrator. Toggle Freq= 100 kHz (typ) 

626 

MC3380 

Phase-Locked Loop 

Contains Voltage Controlled Oscillator and 

Double Balanced Phase Detector 

646 

NE565 


5 


Package Styles 



8 

A A A A 

14 

14 

16 

18 

Lead 

Configuration 

n 

.I 

r~i 

CZD 


Vv V V 

1 

1 

1 

1 

vvvvvvvvv^ 

1 

Case 

626 

632 

646 

648 

701 

Material 

Plastic 

Ceramic 

Plastic 

Plastic 

Plastic 

Suffix 

after Type Number 

Por PL 

L 

P 

P 

CL 


24 

.. 




Lead 



mKm 


? 1 



Configuration 


1 

liH 



Case 

722A 

724 

314A 

314B 


Material 

Plastic 

Plastic 

Plastic 

Plastic 


Suffix 

after Type Number 

P 

P 

H 

V 
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CA3054 


Advance Information 


DUAL INDEPENDENT DIFFERENTIAL AMPLIFIER 


The CA3054 consists of two independent differential amplifiers 
with associated constant-current transistors on a common monolithic 
substrate. The six NPN transistors which comprise the amplifiers are 
general purpose devices useful from dc to 120 MHz. 

The monolithic construction of the CA3054 provides close 
electrical and thermal matching of the amplifiers which makes 
this device particularly useful in dual channel applications where 
matched performance of the two channels is required. 


• Two differential amplifiers on a common substrate 


• Independently accessible inputs and outputs 


• Maximum input offset voltage — ±5 mV 


GENERAL PURPOSE 
TRANSISTOR ARRAY 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



Rating 


Collector-Emitter Voltage 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector-Substrate Voltage 


Collector Current — Continuous 


Junction Temperature 


Operating Temperature Range 


Storage Temperature Range 


This IS advance information and specifications are subject to change without notice. 
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CA3054 


ELECTRICAL CHARACTERISTICS IT/\ = 25°C, unless otherwise noted). 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

STATIC characteristics FOR EACH DIFFERENTIAL AMPLIFIER 

Input Offset Voltage ^ 

(VcB = 30 Vdc) 

V|0 

- 

- 

5.0 

mV 

Input Offset Current 
(VcB = 30 Vdc) 

•lO 



2.0 

pA 

Input Bias Current 
(VcB = 3.0 Vdc) 

_ 

>IB 



24 

pA 


STATIC CHARACTERISTICS FOR EACH TRANSISTOR 


Base-Emitter Voltage 

(VcB = 3.0 Vdc, Ic = 50 pA) 

(VcB = 3.0 Vdc. Ic = 1 0 mA) 

(Vcb = 3.0 Vdc, Ic = 3.0 mA) 

(VcB = 3.0 Vdc. Ic = lOmAI 

vbe 

■ 

1 


Vdc 

Collector Cutoff Current 
(VcB = 10 Vdc, Ie = 0) 

■CBO 



100 

nA 

Collector-Emitter Breakdown Voltage 
dc = 1.0 mA) 

bvceo 

15 



Vdc 

Collector-Base Breakdown Voltage 
(Ic = lOpA) 

OVcBO 

20 



Vdc 

Collector-Substrate Breakdown Voltage 
(Ic = lOpA) 

OVciO 

20 



Vdc 

Emitter-Base Breakdown Voltage 
(Ie = lOpA) 

BVebo 

5.0 



Vdc 
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CA3139 


TV AUTOMATIC FINE TUNING CIRCUIT 
WITH INTERCARRIER MIXER/AMPLIFIER 

The CA3139 is a monolithic TV Automatic Fine Tuning (AFT) 
circuit that provides an AFT voltage and an amplified 4.5 MHz 
intercarrier sound signal. When connected to an output of an IF 
amplifier the CA3139 provides the signal processing (amplification 
and detection) necessary to generate the AFT correction signals 
required by the TV tuner. It also mixes the video and sound IF 
carriers and amplifies the resultant 4.5 MHz intercarrier sound signal. 

• Cascode Type High Gain Amplifier 

(15 mV input for rated output) 

• AFT Differential Peak Detector 

• Differential Amplifier 

• Bipolar Outputs 

• Five Stage Intercarrier Mixer/Amplifier 

• Internal Voltage Regulator 

• For Use in Either Color or Monochrome Receivers 
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CAS 139 


MAXIMUM RATINGS (T/^ = 25°C, unless otherwise noted) 


Rating . 

Symbol 

Value 

Unit 

Shunt Regulator Input Current 

'7 

50 

mA 

Detector Bias Current 

'6 

2 

1 mA 

Junction Temperature 

Tj 

150 

“C 

OperatingTemperature Range 

Ta 

-40 to +85 

°C 

Storage Temperature Range 

"l^stg 


“c 


ELECTRICAL CHARACTERISTICS (Vcc = 28 Vdc, V,n = 0, = 25°C, Test Circuit-Figure 2)* 


Characteristics 

Min 

Typ 

Max 

Unit 

Supply Current 1+ 

15 

18 

20 

mA 

Shunt Regulator Voltage 

12 

13 

14.5 

Vdc 

Quiescent Voltage at Pin 3 

4.5 

7.7 

10 

V 

Quiescent Voltage(l) at Pins 13 and 14. Pins 13 and 14 Connected 

6 

7 

8.5 

Vdc 

Quiescent Voltage Differential, Pins 13 to 14 

-0.8 

- 

+ 0.8 

Vdc 

Quiescent Voltage at Pm 6 

1.4 

2.3 

2.6 

Vdc 

Correction Voltage at Pm 13 (See Note 2) 

f = 44.65 MHz 

2.2 

- 

4.7 

Vdc 

f = 45.69 MHz 

1.2 

- 

4.4 

f = 45.81 MHz 

9.6 

- 

13.8 

f = 46.85 MHz 

9.1 

- 

12.1 

Correction Voltage at Pm 14 (See Note 2) 

f = 44.65 MHz 

9.1 

- 

12.1 

Vdc 

f = 44.69 MHz 

9.6 

- 

13.8 

f = 45.81 MHz 

1.2 

- 

4.4 

f = 45.85 MHz 

2.2 

- 

4.7 

4.5 MHz Output (See Note 2) 

Two-Tone Input 
fl = 45.75 MHz at 15 mV 
f2 = 41.25 MHz at 5 mV 

50 

- 

200 

mVrms 


•Unless otherwise specified. 
NOTES: 1. Vi3 = 0.55 Vz ±0.7 V. 


2. Resistor from Pin 6 to Pin 7 = 9.09 kn. Crossover steepens and "Bow Tie" width increases when resistor is decreased in value. 
Total peak swing decreases slightly. 


FIGURE 2 - TEST CIRCUIT 


Signal 

Input. 



NOTES: 

1. Use 10 kn Isolation Resistor at dc voltmeter probe tip when 
making dc measurements 

2. Typical no-signal dc potentials are shown. 

3. Boxes represent test points. 


L2 — 4-1/2 turns #22 wire; O.D. = 0.25" (typ); Q (unloaded) = 
100 (mm); f = 41.25 MHz; Inductance = 0.18 JuH (typ). 
T1 — 3-1/2 turns (center tapped) #20 wire; O D. = 0.25" (typ); 
Q (unloaded) = 140 (min); f = 46.75 MHz, Inductance = 

0.18 (typ). 
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CA3139 


CIRCUIT DESCRIPTION 

The five functional blocks of the CA3139 as shown in Figure 1 are briefly described below. 
(See Figure 3 for schematic diagram.) 


1. Cascode Amplifier — consists of Q1, emitter-follower; 
Q2, common-emitter amplifier; and Q3, common-base 
amplifier. The input to the cascode amplifier (pin 5) is 
normally AC coupled since Q1 is internally biased. 

2. Bias Circuit — Transistor Q4 and resistors R1, R4, R5, 
and an external resistor (shown as 9.09 kfZ in Figure 1) 
connected to pin 7 make up the bias circuit. Lower values 
of the external resistor will increase the gam of the ampli¬ 
fier (9.1 kS2 is nominal) thereby increasing the AFT "Bow 
Tie" width and crossover slope (reduced values of the 
external resistor will have the opposite effect). 

3. Mixer/Amplifier — The cascode amplifier output 
(pin 9) IS internally connected to the base of Q13. 
Transistors Q13 through Q17 make up the intercarrier 
mixer/amplifier. Q14 is used in the down-conversion of 
the video IF carrier (41.25 MHz) to give a 4.5 MHz FM 
signal. The video IF carrier, sound IF carrier and upper 


conversion signals are removed using a low-pass filter. 
Q16 and C3 are used to further amplify and filter the 
4.5 MHz signal. This 4.5 MHz signal output is at pm 3. 

4. AFT Detector and DC Amplifier — Detection and 
amplification is accomplished by Q6 through Q12. 
The detector inputs (pins 8 and 10) are connected to 
the discriminator transformer and biased through the 
transformer at pm 6 voltage. Q7 and Q8 total current is 
held constant by Q10, Q11, and Q12 (current-mirror 
transistors). Peak detection is assured through the use of 
external filter capacitors at pins 11 and 12. Correction 
voltages at pins 13 and 14 are given m the Electrical 
Characteristics Table. 

5. Voltage Regulator — consisting of D1, D2, Z1, Z2, 
and Q5 is an active shunt type and is used to reduce 
the dynamic resistance. 


FIGURE 3 - CIRCUIT SCHEMATIC 

(Resistors are measured in ohms) 
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HA1199P 


Advance Information 


AM SUBSYSTEM FOR CAR RADIO 


The HA1199P is a complete one-chip radio subsystem for car 
radio applications. Automatic dynamic range magnitude control at 
the RF stage provides good high input signal-handling character¬ 
istics (THD =1% typ at 130 dB#i). 


• High AGO FOM — 63 dB Typ 

• Good Usable Sensitivity — 23 dBfi Typ 

• Low Distortion — 0.4% Typ at 74 dB/i 

• Supply Voltage Range — 10.8 to 15.6 Volts 


AM RADIO SUBSYSTEM 

MONOLITHIC SILICON 
INTEGRATED CIRCUIT 



FIGURE 1 - TEST CIRCUIT 


•£ M pF 


47.. / 

Jr 3300 




X| 


L2_ J^J 

IFT2 


0 01 ^F 
0 047 pF 


•9=’ 4 7pF/10 

X-[ 

— 3300 pF 

'-IS-[ 

“<»Pf 220 

I —1(—wp—L 

j—M—i 

2 2pF ■=■ 22pF/10 


' Limiter 
AGO Amp 


0 47pF pil 1 


-J 


1000 pF 


list IF hi 
Amp -' 


I W. 


50 k 





L 

1 

4r [8 


0 039 pF 


_ ir _ 





± 0 033pF lOOpF/ieJ^ ^ 

I 




1 RF Amplifier Input 

2 RF Bypass 

3 AGC Bypass 

4 Gnd 


PIN CONNECTIONS 

5 First IF Amplifier Output 9 Vqq 

6 Second IF Amplifier Input 10 First IF Amplifier Input 

7 AGC Bypass 11 Gnd 

8 Detector Output 12 Converter Output 


13 Lo Input 

14 Converter Input 

15 Vcc' 

16 RF Amplifier Output 



















HA1199P 


MAXIMUM RATINGS 


Rating 

Value 

Unit 

Power Supply Voltage 

16 

Volts 

Junction Temperature 

150 

°C 

Operating Temperature Range (Ambient) 

-30 to+70 

°C 

Storage Temperature Range 

-65 to +150 

°C 


ELECTRICAL CHARACTERISTICS (Vcc= 13.2 V, fc= 1.0 MHz, fmod = 400 Hz,Ta= 25°C unless otherwise noted) 


Characteristic 

Min 

Typ 

Max 

Unit 

Drain Current at Zero Signal 

— 

15 

— 

mA 

Signal-to-Noise Ratio 

25.5 

30 

— 

dB 

Input = 34 dBp, 30% Modulation 





AGC FOM Test @ 10 dB Output Down, 30% Modulation 




dB 

1) Output @ 74 dB;i Input 

— 

57 

— 


2) Output @ 86 dB/i Input 

51 

63 

— 


Detector Output 

80 

120 

157 

mV 

Input = 74 dB/i, 30% Modulation 





Distortion 

_ 

0.4 

5.0 

% 

Input =114 dB/i, 30% Modulation 





Sensitivity 

_ 

23 

— 

dB/i 

Input @ S/N = .20 dB, 30% Modulation 

' 





SPECIFICATION OF THE IFTs 


.r _ ■ 

. 

_' 6 

QO 

1 Number of Turns 1 

Cl IpF) 

C2 (pF) 

Tuned 

1 cd 


^C2 1 

1-2 

2-3 

6-7 

7-8 

Frequency (kHz) 

:-| - 

[ __J 

j ^ First IFT 

70 

66 

220 

260 

26 

180 

180 

262 5 

1_ 


_ i Second IFT 

70 

271 

23 

271 

23 

180 

180 

262 5 
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7-STAGE DIVIDER 

This monolithic circuit is designed for use as a frequency divider 
in electronic organs It contains 7 flip-flops with all inputs and 
outputs externally accessible, 

• Wide Operating Voltage Range — 6.0 to 16 Volts 

• Regulated Supply Not Required 

• Maximum Design Flexibility — Allows for Two to Seven-Stage 

Cascades 

MAXIMUM RATINGS (T^ = -i-25°C unless otherwise noted.) 


Rating 


Power Supply Voltage 


Output Sinking Current 


Negative Input Voltage 


Junction Temperature 


Operating Temperature Range 


I 

FIGURE 1 - CIRCUIT SCHEMATIC 

- - - 1 , 

1 1 


Output ! I 

[ 1 

1 ' 

1 


M 

o-^ —- j 

1 

1 

1 


S-L^tvt^ i 





Regulator 


Single Cell 
(One of Seven) 
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MC1302 


7-STAGE DIVIDER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



Device 

Temperature 

Range 

Package 

MC1302P 

0 to +75 

Plastic DIP 












































IVIC1302 


ELECTRICAL CHARACTERISTICS (Vcc = 16 Vdc, V,n = 4 0 V, Square Pulse, f = 10 kHz, 50% Duty Cycle, tpHL " 10 V/ps, 
T/\ = +25°C, unless otherwise noted.) 


Characteristic 

Mm 

Typ 

Max 

Unit 

Operating Power Supply Voltage 

60 

- 

16 

Vdc 

Toggle Frequency 

- 

1 0 

- 

MHz 

Output Voltage (High) Pins 8, 9, 10, 11, & 13 




Vdc 

(Vcc = 6.0 Vdc) 

55 

- 

- 


(Vcc "16 Vdc) 

15.0 

- 

■ - 


Output Voltage (High) Pins 12 S 14 




Vdc 

(Vcc = 60 Vdc) 

4.5 

- 

- 


(Vcc = 16 Vdc) 

12 

- 

- 


Operating Dram Current 




mAdc 

(Vcc = 16 Vdc) 

- 

26 

- 


Output Sinking Current 




mAdc 

(Vo<05 Vdc) 

- 

10 

- 


Rise Time 

- 

100 

- 

ns 

Propagation Delay 

— 

700 

— 

ns 

Fall Time 

- 

50 

— 

ns 

Input Resistance 

10 

— 

- 

kn 

Output Resistance (Output High) 

- 

- 

50 

kSl 


INPUT PULSE REQUIREMENTS 





Characteristic 

Min 

Max 

Unit 

ViH 

—/-\ 

Trailing 
^ Edge 

Pulse Magnitude 

+4 0 

- 

Volts 


/ LeadingX 
^ Edge 

Zero Level 


+ 1.0 

Volts 

V|L- 

Leading Edge 

No Requirement 


Trailing Edgedv/dt 

-1.0 


Volts 

ms 

0 






























































MC1306P 


1/2-WATT AUDIO AMPLIFIER 

TheMC1306P is a monolithic complementary power amplifier and 
preamplifier designed to deliver 1/2-Watt into a loudspeaker with a 
3.0 mVIrms) typical input. Gain and bandwidth are externally 
adjustable. Typical applications include portable AM-FM radios, tape 
recorder, phonographs, and intercoms. 

• 1/2-Watt Power Output (12 Vdc Supply, 8-Ohm Load) 

• High Overall Gain — 3.0m\/(rms) Sensitivity for 1/2-Watt Output 

• Low Zero-Signal Current Drain — 4.0 mAdc @ 9.0 V typ 

• Low Distortion — 0.5% at 250 mW typ 


1/2-WATT AUDIO AMPLIFIER 



TYPICAL APPLICATIONS 


FIGURE 1 - AM-FM RADIO, AUDIO SECTION 


FIGURE 2 - PHONOGRAPH AMPLIFIER 
(CERAMIC CARTRIDGE) 


I.OMegSlJ *15pF 


111 ] 8.0 J! tOOpFdj ^151 

“ ^ Tone Control I_ 

+ 1.0 Meg n? 

30*,H XTALjJlIOMegn-1 

-ry^vv'v—.. I 

0002pFl OMeglt g 
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IVIC1306P 


MAXIMUM RATINGS (Ta = +250C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V+ 

15 

Vdc 

Load Current 

'L 

400 

mAdc 

Power Dissipation (Package Limitation) 

Ta = +25°C 

Pd 

625 

mW 

Derate above Ta = +25°C 

1/eJA 

5.0 

mW/°C 

Operating Temperature Range 

Ta 

0 to +75 

°C 

Storage Temperature Range 

Tstg 

-65 to +150 

°C 


Maximum Ratings as defined in Ml L-S-19500. Appendix A. 


ELECTRICAL CHARACTERISTICS (V+ = 9.0 V, RL = 8.0ohms,f= 1.0 kHz, (using test circuit of Figure 3), Ta =+25°C 

unless otherwise noted.) 



V+, POWER SUPPLY VOLTAGE (Vdc) 


































































THD,TOTAL HARMONIC OISTORTION (%) TOTAL HARMONIC DISTORTION (%) t), EFFICIENCY (%) 


MC1306P 


TYPICAL CHARACTERISTICS 

(\/+ = 9,0 V, f = 1.0 kHz, Ta = +25°C unless otherwise noted) 



3.0 4.0 5 0 6 0 7.0 8 0 9 0 10 11 12 13 

V+, POWER SUPPLY VOLTAGE (Vdc) 



3 0 4 0 5 0 6 0 7 0 80 90 10 11 12 13 

V^, POWER SUPPLY VOLTAGE IVdc) 


FIGURE 7 - TOTAL HARMONIC DISTORTION 



01 02 03 04 05 07 10 20 30 40 50 60 70 809010 

f, FREQUENCY (kHz) 


FIGURE 8 - EFFECT OF BATTERY AGING 
ON LOW-LEVEL DISTORTION 


FIGURE 9 - DISTORTION 
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MC1306P 


FIGURE 10 - TYPICAL CIRCUIT CONNECTION 



DESIGN CONSIDERATIONS 


The MC1306P provides the designer with a means to control 
preamplifier gain, power amplifier gain, input impedance, and 
frequency response. The following relationships will serve as guides. 

1. Gain 

The Preamplifier Stage Voltage Gain is; 

Rf 
“"Rs 

and is limited only by the open-loop gain (270 V/V). For good 
preamplifier dc stability Rf should be no larger than 1.0-megohm. 

The Power Amplifier Voltage Gain is controlled in a similar 
manner where. 

10 k 

avb«r-; 

The 10-k ohm feedback resistor is provided in the integrated 
circuit. 

Recommended values of Rp range from 500-ohms to 3.3-k 
ohms. The low end is limited primarily by low-level distortion and 
the upper end is limited due to the voltage drive capabilities of the 
pre-amplifier. (A resistor can be added in the dc feedback loop, 
from pin 6 to ground, to increase this drive). The Overall Voltage 
Gain, then, is: 


Rf 10 k 


2. Input Impedance 

The Preamplifier Input Impedance is: 


2in A ~ Rs 

and the Power Amplifier Input Impedance is: 


^inB ~ Rp 


3. Frequency Response 

The low frequency response is controlled by the cumulative 
effect of the series coupling capacitors Cl, C2, and C3. High- 
frequency response can be determined by the feedback capacitor, 
Cf, and the -3.0 dB point occurs when 

XCf = Rf 

Additional high frequency roll-off and noise reduction can be 
achieved by placing a capacitor from the center point of Rp to 
ground as shown in Figure 10. 

Capacitor C4 and the RC network shown in dotted lines may 
be needed to prevent high frequency parasitic oscillations. The RF 
choke, shown in series with the output, and capacitor C6 are used 
to prevent the high-frequency components in a large-signal clipped 
audio output waveform from radiating into the RF or IF sections 
of a radio (Figure 10). 

4. Battery Operation 

The increase of battery resistance with age has two undesirable 
effects on circuit performance. One effect is the increasing of 
amplifier distortion at low signal levels. This is readily corrected by 
increasing the size of the filter capacitor placed across the battery 
(as shown in Figure 8; a 300-pF filter capacitor gives distortions 
at low-tonal levels that are comparable to the "stiff" supply). The 
second effect of supply impedance is a lowering of power output 
capability for steady signals. This condition is not correctable, but 
is of questionable importance for music and voice signals. 


5. Application Examples: (1) The audio section of the AM-F.M 
radio (Figure 1) is adjusted for a preamplifier gain of 100 with an 
input impedance of 10-k ohms. The power amplifier gain is set at 
10, which gives an overall voltage gain of 1000. The bandwidth 
has been set at 10-kHz. (2) The phono amplifier (Figure 2) is de¬ 
signed for a preamplifier gain of unity and a power amplifier gain 
of 10. The input impedance is 1.0-megohm. An adjustable treble 
control is provided within the feedback loop. 
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TYPICAL PRINTED CIRCUIT BOARD LAYOUT 



LOCATION OF COMPONENTS 


C2 R1 R2 R3 



PARTS LIST 


Component 

Value 

Cl 

200 pF 

C2 

0.1 pF 

C3 

0.05 pF 

C4 

1.0 pF 

C5 

47 pF 

R1 

1 ohm 

R2 

1 k ohm 

R3 

4.7 k ohms 

R4 

270 k ohms 

MC1306 

- 

PC Board 

- 






MC1309 


Advance Information 


PHASE LOCK LOOP 
FM STEREO DEMODULATOR 

... a monolithic device using I^L and ION Implant technology for 
use in solid-state stereo receivers. 

• Requires No Inductors 

• Low External Part Count 

• Excellent Channel Separation Without Adjustment 

• Only Single Potentiometer Oscillator Frequency Adjustment 

Necessary 

• 50 mA Lamp or LED Driving Capability With Current Limiting 

• Automatic, Transient-Free Stereo/Mono Switching 

• Wide Dynamic Range; 0.25-1.7 V(p-p) Composite Input Signal 

• Wide Supply Range: 4.5-16 Vdc 

• Low Distortion; Typically 0.08% at 850 mV(p-p) Composite 

Input Signal 

• Excellent SCA Rejection 

• Gain Adjustable By Changing Load Resistors 


PHASE LOCK LOOP 
FM STEREO 
DEMODULATOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



FIGURE 1 - TYPICAL APPLICATION AND TEST CIRCUIT 


Pin 2 * input 

Pin 3 * Amplifier Output 


Pin 8 * Switch Filter 
Pin 9 “ Switch Filter 
Pin 10* 19 kHz Output 


Pin 4 « Left Channel Output Pin 11 = Modulator Input 

Pin 5 * Right Channel Output Pin 12 * Loop Filter 

Pin 6 * Lamp Indicator Pin 13 = Loop Filter 

Pin 7 * Ground Pin 14 * Oscillator RC Network 


Cl -2.0 mF C8-0.25mF 
C2* 0.022 ai*3.3kn 

C3 - 0.022 mF R2 - 3.3 kfl 
C4«0.25pF R3-1.0kn 

C5*0.05mF R4-16kn 

C6-0.5 4 F RS*5.0kn 
C7 * 470 pF 



Channel * * Channel 
Output Output 
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MC1309 


MAXIMUM RATINGS (Ta = +25° unless otherwise noted.) 


Rating 

Value 

Unit 

Power Supply Voltage 

16 

Volts 

Lamp Current 

50 

mA 

Junction Temperature 

150 

°C 

Operating Temperature Range (Ambient) 

-20 to +75 

°C 

Storage Temperature Range 

-65 to +150 

°C 


^L^CTRICAL CHARACTERISTICS Unless otherwise noted; +9 Vdc, Ta ~ +25°C. 1.7 V(p-p) standard multiplex composite 

signal with L or R channel only modulated at 1.0 kHz and with 10% pilot level for stereo tests: 1.7 V(p-p) 1 kHz input signal for monaural 
tests; using circuit in Figure 1. 


Characteristic 

Min 

Typ 

Max 

Unit 

Current Drain 

- 

11 

- 

mAdc 

Maximum Standard Composite Input Signal (0.5% THD)* 




'^(p-p) 

(Vcc'9 0 V) 

1.7 

2.1 

_ 

(Vcc = 6.0 V) 

085 

1.7 

- 


Maximum Monaural Input Signal (1.0% THO)* 




''(p-p) 

(Vcc = 9 0 V) 

1.7 

2.2 


(Vcc = 6.0 V) 

0.85 

1.7 

- 


Channel Balance 

- 

0 

1.0 

dB 

Stereo THD 

- 

0.06 


% 

(V,n = 0.85V(p-pl) 





Monaural THD 

_ 

0.08 


% 

(V|n = 055V[p-p] 





Channel Separation 




dB 

(f = 100 Hz) 

- 

45 



(f = 1.0 kHz) 

30 

47 

_ 


(f = 10kHz) 

- 

40 

- 


Monaural Gam 

0.6 

0.9 

- 

V/V 

Input Impedance 

15 

30 

- 

kn 

Ultrasonic Frequency Rejection 19 kHz 

_ 

35 

— 

dB 

38 kHz 

- 

45 

- 


SCA Rejection 

- 

75 

_ 

dB 

Stereo Switch Level 


■■jHIIIIIIH 


mV 

Lamp"On" 

- 


12 


Lamp "Off" 

2.0 


- 


Mono/Stereo Switching Transient — No Lamp 

- 

0 

_ 

mV 

Capture Range 

_ 

±7.0 

_ 

% 

(Pilot = 60mV[RMSl) 






*THD and Channel Separation are measured after a Bandpass Filter (200 Hz-10 kHz), unless otherwise specified. 









































































MC1310 


Specifications and Applications 
Information 


FM STEREO 
DEMODULATOR 


FM STEREO DEMODULATOR 

... a monolithic device designed for use in solid-state stereo receivers. 

• Requires no Inductors 

• Low External Part Count 

• Only Oscillator Frequency Adjustment Necessary 

• Integral Stereo/Monaural Switch 75 mA Lamp Driving Capability 

• Wide Dynamic Range: 0.5—2.8 V(p-p) Composite 

Input Signal 

• Wide Supply Range: 8—14 Vdc 

• Excellent Channel Separation Maintained Over Entire Audio 

Frequency Range 

• Low Distortion: Typically 0.3% THD at 560 mV (RMS) 

Composite Input Signal 

• Excellent SCA Rejection 


SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



FIGURE 1 - TYPICAL APPLICATION AND TEST CIRCUIT 
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MC1310 


MAXIMUM RATINGS (T/\ = +25° unless otherwise noted ) 


Rating 

Value 

Unit 

Power Supply Voltage 

14 

Volts 

Lamp Current 

75 

mA 

Power Dissipation 

625 

mW 

(Package limitation) 



Derate above T/\ = +25°C 

5 0 

mW/°C 

Operating Temperature Range (Ambient) 

-40 to +85 

°C 

Storage Temperature Range 

-65 to +t50 

°c 


ELECTRICAL CHARACTERISTICS Unless otherwise noted, V^c = +12 Vdc, = +25°C, 560 mVIRMS) (2 8 Vjp.p] ) standard 
multiplex composite signal with L or R channel only modulated at t 0 kHz and with 100 mVIRMS) pilot level (10%), using circuit of Figure 1 


Characteristic 

Min 

Typ 

Max 

Unit 

Maximum Standard Composite Input Signal (0.5% THD) 

2.8 

- 

- 

^(p-p) 

Maximum Monaural Input Signal (1 0% THD) 

2.8 

- 

- 

''(p-pl 

Input Impedance 

20 

50 

- 

kn 

Stereo Channel Separation 

30 

40 

- 

dB 

Audio Output Voltage (desired channel) 

- 

485 

- 

mV(RMS) 

Monaural Channel Balance (pilot tone "off") 

- 

- 

1.5 

dB 

Total Harmonic Distortion 

- 

03 

- 

% 

Ultrasonic Frequency Rejection 19 kHz 

- 

34 4 

- 

dB 

38 kHz 

- 

45 

- 


Inherent SC A Rejection 




dB 

(f = 67 kHz; 9 0 kHz beat note measured 

- 

75 

- 


with 1.0 kHz modulation "off") 





Stereo Switch Level 




mV(RMS) 

19 kHz input level for lamp "on" 

- 

- 

20 


19 kHz input level for lamp "off" 

50 

- 

- 


Capture Range (permissible tuning error of internal oscillator, 

- 

±3 5 

- 

% 

reference circuit values of Figure 1) 





Current Drain (lamp "oft") 

- 

13 

- 

mAdc 
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FIGURE 2 - CIRCUIT SCHEMATIC 
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MC1310 


TYPICAL CHARACTERISTICS (continued) 



SO 100 200 SOO 1.0 k 2.0 k 50k 10 k 20 k 50 k 

FREQUENCY (Hz) 


FIGURE 10 - VCO FREE-RUNNING FREQUENCY 
versus TEMPERATURE 



-65 -35 -15 +5 0 +25 +45 +65 +85 +105 

TEMPERATURE (“O 




8.0 10 12 14 

SUPPLY VOLTAGE(Vdc) 

'Measured with Low Pass Filter (BW =15 kHz) 


FIGURE 12 - PILOT LEVEL REQUIRED FOR VCO LOCKUP 
versus VCO FREE-RUNNING FREQUENCY 



18 18 5 19 19.5 20 

VCO FREE-RUNNING FREQUENCY (kHz) 


FIGURE 13 - SYSTEM BLOCK DIAGRAM 
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MC1310 


CIRCUIT OPERATION 


Figure 13, on the previous page, shows the system 
block diagram. The upper line, comprising the 38-kHz 
regeneration loop operates as follows: the internal os¬ 
cillator running at 76-kHz and feeding through two 
divider stages returns a 19-kHz signal to the input mod¬ 
ulator. There the returned signal is multiplied with the 
incoming signal so that when a 19-kHz pilot tone is 
received a dc component is produced. The dc component 
is extracted by the low pass filter and used to control 
the frequency of the internal oscillator which con¬ 
sequently becomes phase-locked to the pilot tone. With 
the oscillator phase-locked to the pilot the 38-kHz out¬ 
put from the first divider is in the correct phase for de¬ 
coding a stereo signal. The decoder is essentially another 
modulator in which the incoming signal is multiplied by 


the regenerated 38-kHz signal. The regenerated 38-kHz 
signal is fed to the stereo decoder via an internal switch, 
which closes when a sufficiently large 19 kHz pilot tone 
is received. 

The 19-kHz signal returned to the 38-kHz regeneration 
loop modulator is in quadrature with the 19-kHz pilot 
tone when the loop is locked. With the third divider 
state appropriately connected, a 19-kHz signal in phase 
with the pilot tone is generated. This is multiplied with 
the incoming signal in the stereo switch modulator 
yielding a dc component proportional to the pilot tone 
amplitude. This component after filtering is applied to 
the trigger circuit which activates both the stereo switch 
and an indicator lamp. 


APPLICATIONS INFORMATION 

(Component numbers refer to Figure 1) 


External Component Functions and Values 

Cl Input coupling capacitor; 2.0 juF is 

recommended but a lower value is 
permissible if reduced separation at low 
frequencies is acceptable. 

R1, R2, C2, C3 See Maximum Load Resistance section, 

C4 Filter capacitor for stereo switch level 

detector; time constant is C4 x 53 
kilohms ±30%, maximum dc voltage 
appearing across C4 is 0.25 V (pin 8 
positive) at 100 mV(RMS) pilot level. 
The signal voltage across C4 is neg¬ 
ligible. 

C5 See Phase Compensation section. 

R3, C6, C8 Phase-locked loop filter components; 

the following network is recommended. 


These values give ±3.5% typical capture 
range. Capture range may be increased 
by reducing C7 and increasing R4, R5 
proportionally but at the cost of in¬ 
creasing beat-note distortion (due to 
oscillator-phase jitter) at high-signal 
levels. See Figure 12. 

Stereo Lamp Nominal rating up to 75 mA at 12 V; 

the circuit includes surge limiting which 
restricts cold-lamp current to approx¬ 
imately 250 mA. 

19-kHz Output A buffer output providing a 3.0-Vp|< 
square wave at 19 kHz is available at 
pin 10. A frequency counter may be 
connected to this point to measure the 
oscillator free-running frequency for 
alignment. See Alignment section. 



R4, R5, C7 


R3 
1 k 

12 0-f-WV- 


C6 

0.5 mF 


C8 

0.25 /iF 


When less performance is required a 
simpler network consisting of R3= 100 
ohms and C6 = 0.25 /uF may be used 
(omit C8). See Figure 9. 


Oscillator timing 
mended values: 
C7= 470 pF 
R4= 16 k^2 
R5= 5 k^2 


network; recom- 

1 % 

1 % 

Preset 


External Monaural/Stereo Switching 

If it is desired to maintain the circuit in monaural 
mode, the following procedure must be followed. First, 
the stereo switch must be disabled to prevent false lamp 
triggering. This can be accomplished by connecting pm 8 
negative or pm 9 positive by 0.3 volt. Pm 8 may be 
grounded directly if desired Note that the voltage across 
C4 increases to approximately 2 volts with pin 9 positive 
when pm 8 is grounded. 

Second, the 76-kHz oscillator must be killed to 
prevent interference when on AM. This can be ac¬ 
complished by connecting pm 14 to ground via a current 
limiting resistor (3.3 kilohms is recommended). 

Phase Compensation/IF Roll-off Compensation 

Phase-shifts m the circuit cause the regenerated 38- 
kHz sub-carrier to lead the original 38 kHz by approx¬ 
imately 2°. The coupling capacitor C5 generates an 
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APPLICATIONS INFORMATION (continued) 


additional lead of 3.5° (for C5 = 0.05/nF) giving a total 
lead of 5.5°. 

The circuit is so designed that phase lag may be 
generated by adding a capacitor from pin 3 to ground. 
The source resistance at this point is 500 ohms. A 
capacitance of 820 pF compensates the 5.5° phase lead: 
increase above this value causes the regenerated sub¬ 
carrier to lag the original. However, a 5.5° phase error 
if left noncompensated will not degrade separation 
appreciably. 

Note that these phase shifts occur within the phase- 
locked loop and affect only the regenerated 38-kHz 
sub-carrier; the circuit causes no significant phase or 
amplitude variation in the actual stereo signal prior to 
decoding. 

Most IF amplifiers have a frequency response that 
limits separation to a value significantly lower than the 
capability of the MC1310. For example, if the response 
produces a 1-dB roll-off at 38 kHz, the separation will be 
limited to about 32 dB. This error can be compensated 
by using an RC lead network as shown in Figure 14. 
The exact values will be determined by the IF amplifier 
design. However, the values shown in Figure 14 are 
suitable for use with the MC1357 and MC1375 IF 
amplifiers. 


FIGURE 14- IF COMPENSATION NETWORK 



Voltage Control Oscillator Compensation 

Figure 10 illustrates noncompensated Oscillator Drift 
versus temperature. The recommended Tc of the R4, R5, 
C7 combination is -300 PPM. This will hold the 
oscillator drift to approximately ±1% over a temperature 
range of -40 to -^•85°C. Allowing ±2% for aging of the 
timing components acceptable performance is still ob¬ 
tained. 

Lamp Sensitivity 

It may be desirable in some cases, to change the lamp 
sensitivity due to differing signal levels produced by 
various FM detectors. The lamp sensitivity can be 
changed by making use of the external circuit shown. 
Typical sensitivities versus potentiometer rotation are 
also shown in Figure 15. 


FIGURE 15 - PILOT SENSITIVITY versus 
POTENTIOMETER ROTATION 



Alignment Procedure 

The optimum alignment procedure, with no input 
signal applied, is to adjust R5 until 19.00 kHz is read at 
pin 10 on the frequency counter. 

Another procedure requiring no equipment, other 
than the receiver itself, will result in separation of 
within, a few dB of optimum. This latter method is 
merely to tune the receiver to a stereo broadcast and 
adjust R5 until the pilot lamp turns "on". To find the 
center of the lock-in range, rotate the potentiometer 
back and forth until the center of the lamp "on" range 
is found. This completes the alignment. 

Alternate Timing Network 

The alternate timing network shown, incorporating a 
trimmer capacitor rather than a potentiometer, may be 
used if desired. Again, to provide correct temperature 
compensation, the temperature coefficient of the timing 
network must be approximately -300 PPM. 


FIGURE 16 



Maximum Load Resistance 

The curve shown gives absolute maximum load re¬ 
sistance values versus supply voltage used for full-signal 
handling capability. With desired load resistance choose 
C2, C3 capacitors to provide standard 75(is de-emphasis. 





MAXIMUM LOAD RESISTANCE (kS2) 


MC1310 


APPLICATIONS INFORMATION (continued) 


FIGURE 17 - MAXIMUM LOAD RESISTANCE 
versus SUPPLY VOLTAGE 



80 10 12 14 

SUPPLY VOLTAGE (Vdc) 

Audio Output 

p-p audio output (one-channel) 

The ratio G =- for 

p-p input signal 

different types of input is as follows: 

INPUT 

Single-Channel Monaural 

Composite Signal Signal 

0.45 0.5 

These figures are for 3.9-kilohm load resistors and for 
low-audio frequencies where de-emphasis roll-off is 
insignificant. 


Capture Range versus Timing Components 

The capture range can be changed to some extent by 
use of different timing components. Typical values are 
shown in Figure 12. 

Composite Signal 

Due to confusion concerning the measurement of the 
stereo composite signal, a curve showing both RMS and 
p-p composite levels versus pilot level follows, see 
Figure 18. 


FIGURE 18 - COMPOSITE LEVEL versus PILOT 
(L or R Modulation Only) 



1 0 2 0 5 0 10 20 50 100 200 500 1000 

PILOT LEVEL (mVlRMSl) 
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ORDERING INFORMATION 


MC1323P 

MC1323PW 


Temperature Range 


0*^0 to -|-75°C 

o°c to 


Package 


Plastic DIP 
Heat Spreader 
Plastic DIP 


MC1323P 

MC1323PW 


TRIPLE DOUBLY BALANCED CHROMA 
DEMODULATOR WITH ADJUSTABLE 
OUTPUT MATRIX 

. . . designed for use in solid-state color television receivers. May be 
used in any conventional color picture tube application. 

For next generation single-gun color picture tube applications, 
the MC1323P/PW features three independent demodulators with 
each gain adjustable with no change to dc output levels. 

The MC1323PW package is suited for higher power, higher 
ambient temperature applications. 

• Low Differential Output DC Offset Voltage — 

<500 mV (Max) 

• Complete Freedom in Choice of Demodulation Axes 

• High Blue Output Voltage Swing— 

10 V(p-p) (Typ) 

• Guaranteed Chroma Sensitivity — 

450 mV(p-p) (Max) 

• Brightness Input Provided 

• Blanking Input Provided 

• Circuit Regulated — 16 to 22 V Operating Window 

• PowerDissipation@TA = 25°C- 

Pd = 2.2W-MC1323PW 
= 1.25W-MC1323P 
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MAXIMUM RATINGS (Ty^ =+25°C unless otherwise noted ) 


Rating 

MC1323P 

MC1323PW 

Unit 

Power Supply Voltage 

22 

Vdc 

Blanking Signal Input Voltage 

6 0 

V(pi3) 

Minimum Load Resistance (Pins6,7,10l 

2 2 

k12 

Brightness Input Range — Max 

10.7 

Vdc 

Mm 

4 5 


Operating Ambient Temperature Range 

0 to +75 

°C 

Storage Temperature Range 

-65 to +150 

°C 

Power Dissipation @ Ty\ = 25°C 

1 25 

2.2 

W 

Derate above +25*^0 

10 

17 

mW/°C 


THERMAL CHARACTERISTICS 


Characteristic 

Max 

Unit 

Thermal Resistance, Junction to Ambient 
MC1323PW 

59 

°C/W 


ELECTRICAL CHARACTER I ST ICS (VQQ = +18Vdc,R[_~22kn,Vp^p = 1 0V(p-p),Ty\ = +25*^C unless otherwise noted ) 

Characteristic | Pin No. [ Mm | Typ | Max | Unit I 


STATIC CHARACTERISTICS (Figure 21 S1, S2, and S3 in Position 1) 


Quiescent Input Current From Supply 

13 

_ 

37 

- 

mA 

Quiescent Output Voltage 

6,7,10 

9.8 

10 8 

11.8 

Vdc 

Differential Output Voltage 

6-7,7-10,6-10 

- 

200 

500 

mVdc 

Differential Voltage 

15,16 

1.5 

1 65 

- 

Vdc 

Pin 15 Output Voltage 

15 

106 

11 3 

12 

Vdc 


DYNAMIC CHARACTERISTICS (Figure 21 


Chroma Input Voltage 

(Pin 6 Output = 5 V(p-p) SI in Position 2) 

3 

- 

0.35 

0 45 

V(p-p) 

Detected Output Voltage 

7 

4 6 

50 


V(p-p) 

(Pin 6 Output = 5 V(p-p) SI in Position 2 

10 

0.92 

1.0 


V(p-p) 

Blanking Output Voltage (S3 in Position 21 

6,7,10 

5 2 

5.4 

56 

V(p-p) 

Maximum Output Voltage Swing 
(SI in Position 2) 

6 

“ 

10 

- 

V(p-p) 

Brightness Output Swing 
(S2 in Position 2) 

6,7,10 

2.9 

- 

- 

V(p-p) 


FIGURE 2 - TEST CIRCUIT WITH REFERENCE INPUT SIGNAL 
(Quiescent Current, DC Output Voltage, Difference Voltage) 

220 


























































MC1323P,MC1323PW 


CIRCUIT DESCRIPTION 


The MC1323P is a doubly balanced chroma demodu¬ 
lator that offers several novel features. Three separate 
independent demodulator sections are used to obtain the 
(R-Y), (B-Y) and (G-Y) outputs allowing complete free¬ 
dom in the choice of demodulation axes and individual 
demodulator conversion gain. 

The (R-Y) demodulator is shown in Figure 10 (both 
(B-Y) and (G-Y) are similar), and is a conventional doubly 
balanced circuit. The chroma input, which is common to 
all three demodulators, is applied at Pin 3 to the balanced 
pair Q15, Q16, which are evenly dividing the 1 mA bias 
current from the current source Q14. The upper switching 
pairs Q17, Q18, Q19 and Q20 are driven with approxi¬ 
mately 1 Vpp of reference subcarrier applied at Pm 4. If 
the subcarrier at Pin 4 has a relative angle of 109°, then 
the output from the switching pairs will be the desired 
(R-Y) signal. Similarly, for the (B-Y) demodulator, the 
reference phase at Pin 9 is approximately 3°. To avoid 
unnecessarily wide phase shift networks to provide the 
256° reference phase for the (G-Y) demodulator, the 
chroma input is phase reversed and the reference angle 
becomes 76° at Pin 12. 

The demodulator is unique in the manner in which the 
demodulated signals are connected to the output pins. 
Instead of feeding load resistors returned to the supply 
voltage rail, the collectors of Q17, Q19 are coupled to 
the current mirror Q21, Q22, Q23. At balance, with no 
chroma input signal, Q17, Q19 current (mirrored in Q23) 
matches Q18, Q20 and the net current at Pin 5 is zero. If 
a load resistor is connected from Pin 5 to some convenient 
voltage source, the base of Q25 will be at that voltage 
regardless of the size of load resistor. Therefore, the con¬ 
version gain of the demodulator (defined by the size of 
the resistor at Pin 5) can be easily changed, yet changes in 
gain do not result in a change of the dc voltage level at 

TYPICAL DESIGN CHARACTERISTICS (Vcc = +18 Vdc, Rl = 


the demodulator output (Pin 6). The ability to change 
gain, together with a complete choice of demodulation 
axes, allows the designer to compensate for non-standard 
CRT phosphors, different color temperatures, and allows 
easy implementation of automatic hue or color level 
control circuits. 

In order to provide temperature stability of the output 
dc levels, a reference voltage for the load resistors (Pins 
5, 8, and 11) is supplied at Pin 15 with a nominally zero 
TC. Since the demodulator output dc levels are defined 
by the voltage source to which the load resistors are re¬ 
turned, another voltage source is provided at Pin 16 and 
is approximately 1.5 volts lower than Pm 15. Returning 
the load resistors to the wiper arms of potentiometers 
connected between Pins 15 and 16 will allow the output 
dc level of each demodulator to be changed independently 
over a 1.5 V range. If the potentiometers have a com¬ 
paratively low resistance compared to the load resistors, 
negligible change in ac gain will occur with wiper arm ro¬ 
tation and the dc shift can be used to help set up the 
picture tube grey scale tracking. The voltage source at 
Pm 16 is obtained by providing a temperature compen¬ 
sated current in Q5 emitter load. This current is "mirrored" 
in Q8, producing the 1.5 V difference between the bases 
of Q11 and Q12. 

The brightness input at Pin 14 allows the dc output 
level of all three demodulators to be changed and is a 
convenient point for a brightness control or brightness 
range/brightness limiter function. 

Output blanking during retrace is achieved by applying 
a +3 V pulse at Pm 2 (Q13 base). The outputs become 
clamped to Q2 emitter voltage preventing the demodu¬ 
lator upper pairs from becoming saturated during blanking 
and giving a very well defined blanking pulse amplitude. 


2 2 kSZ, Vref = 1 0 V(p-p), Ta = +25°C) 


Characteristic 

Pin No. 

HQ2QIIIIIII 

Typ 

Max 

Unit 

Output Voltage Temperature Coefficient 
(Reference Input Voltage =1.0 V(p-p), 

Ta = +25 to +75°C) 

6,7,10 

■ 

1.5 


mV/°C 

Chroma Input Voltage 

3 

- 

1 8 

- 

Vdc 

Reference Input Voltage 

4,9,12 

- 

3 2 

- 

Vdc 

Brightness Input Voltage 

14 

- 

92 

- 

Vdc 

Differential Blanking Output Voltage 
(S3 in Position 2) 

6-7,7.10,6-10 

- 

200 

- 

mV(p-pl 


FIGURE 3-POWER DISSIPATION CHARACTERISTICS 
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PIN 7, 8, 10 - OUTPUT VOLTAGE (VOLTS) OETECTEO OUTPUT VOLTAGE (Vp-p) TOTAL HARMONIC OISTORTION (%) 


MC1323P, MC1323PW 


TYPICAL CHARACTERISTICS 

(T/\ = 25°C unless otherwise noted. Refer to Figure 2 except where noted.) 


FIGURE 4 - DEMODULATOR GAIN LINEARITY AND TOTAL 
HARMONIC DISTORTION CHARACTERISTICS 



CHROMA INPUT (mVp p) 



0 100 200 300 400 500 600 700 

CHROMA MODULATION FREQUENCY (kHz) 



0 02 04 06 08 10 12 14 

REFERENCE INPUT SIGNAL AMPLITUDE (Vp p) 


FIGURE 7 - DETECTED OUTPUT VOLTAGE versus 
SUPPLY VOLTAGE 



FIGURE 8 - DC OUTPUT VOLTAGE versus 
LUMINANCE INPUT 


FIGURE 9 - DC OUTPUT VOLTAGE versus 
SUPPLY VOLTAGE 
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U1 


FIGURE 10 - CIRCUIT SCHEMATIC 



MC1323P, MC1323PW 













ORDERING INFORMATION 


Device Temperature Range Package 

MC1324P 0°Cto+75''C Plastic DIP MC132I4 
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MC1324 


MAXIMUM RATINGS (T^ = +25°C unless otherwise noted.) 


Rating 

Value 

Unit 

Power Supply Voltage 

30 

Vdc 

Chroma Signal Input Voltage 

5.0 

V(pk) 

Reference Signal Input Voltage 

5.0 

V(pk) 

Minimum Load Resistance 

2.2 

k ohms 

Luminance Input Voltage 

12 

V(p-p) 

Blanking Input Voltage 

7.0 

V(p-p) 

Power Dissipation (Package Limitation) 



Plastic Package 

625 

mW 

Derate above T/\ = +25°C 

5.0 

mW/°C 

Operating Temperature Range (Ambient) 

0 to +75 

°C 

Storage Temperature Range 

-65 to +150 

°C 


ELECTRICAL CHARACTERISTICS i'^cc ~ 24 Vdc, V^ef = 1.0 V(p-p), R l = 3.3 k ohms, T/\ = +25°C unless otherwise noted.) 

I Characteristic | Pin No. | Min | Typ | Max | Unit 

STATIC CHARACTERISTICS (See Figure 2.) 


Quiescent Output Voltage 

1,2,4 

14.3 

15 

16.3 

Vdc 

Quiescent Input Current 





mA 

(Rl = oo) 


- 

6.0 

- 


(R L = 3.3 k ohms) 


16.5 

19 

25.5 


Reference Input dc Voltage 

5,12,13 

- 

6.8 

- 

Vdc 

Chroma Input dc Voltage 

8,9,10 

- 

3.6 

- 

Vdc 

Differential Output Voltage 

1.2,4 

- 

0.3 

06 

Vdc 

Output Temperature Coefficient 

1,2,4 

- 

3.0 

- 

mV/°C 

(Reference Input Voltage = 1.0 V(p-p), +25° to +65°C) 







DYNAMIC CHARACTERISTICS (See Figure 3.) 


Detected Output Voltage (See Note 1.) 

+(B-Y) 

-(B-Y) 

4 

40 

40 

50 

5.0 

- 

V(pk) 

Chroma Input Voltage (B-Y Output = 5.0 V(p-pj) (See Note 2.) 

8 

- 

0.36 

0.7 

V(p-p) 

Luminance Input Resistance 

3 

100 

- 

- 

kn 

Luminance Gain From Pin 3 to Outputs 
(@ dc) 

(@ 5.0 MHz) 

1,2,4 

- 

0 95 

0.5 

- 


Blanking Input Resistance 

1.0 Vdc 

0 Vdc 

6 

- 

1.1 

75 

- 

kn 

Detected Output Voltage (Adjust B-Y Output to 

5.0 V(p-p), Luminance Voltage = 23 V) 

G-Y Output 

R-Y Output 

4 

1 

2 

0.75 

3.5 

1.0 

3.8 

1.25 

4.2 

V(p-p) 

Relative Output Phase (B-Y Output = 5.0 V(p-p), 

Luminance Voltage = 23 V) 

s ,, o \/f 1 B-Y to R-Y Output 

B-Y to G-Y Output 

256° 

/ ^^106°\ 5.0V(p-p) 

\ / I.OV(p-p) 

/ 

4.2 

4,1 

101 

248 

106 

256 

111 

264 

Degrees 

Demodulator Unbalance Voltage (no Chroma Input 

Voltage and normal Reference Signal Input Voltage) 

1,2,4 

- 

100 

500 

mV(p-p) 

Residual Carrier and Harmonics Output Voltage (with 

Input Signal Voltage, normal Reference Signal 

Voltage and B-Y Output = 50 V[p-p] ) 

1,2,4 



1.0 

V(p-p) 

Reference Input Resistance 

12,13 

- 

2.0 

- 

kn 

Reference Input Cajaacitance 

12,13 

- 

6.0 

- 

pF 

Chroma Input Resistance 

9,10 

- 

2.0 

- 

kn 

Chroma Input Capacitance 

9,10 

- 

2.0 

- 

pp . 


NOTES: 

1. With normal Reference Input Signal Voltage, adjust Chroma Input Signal Voltage to 1.2 V(p-p). 

2. With normal Reference Input Signal Voltage, adjust Chroma Input Signal Voltage until the Blue Output Voltage = 5 V(p-p). The Chroma 
Input Voltage at this point should be equal to or less than 0.7 V(p-p) 
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DETECTED OUTPUT VO LTAGE (V [p pl) 


MCI 324 


TEST CIRCUITS 

(Vcc = 24 Vdc, Rl = 3.3 Kilohms, T/!y = +25°C unless otherwise noted ) 


FIGURE 2 - DC OUTPUT VOLTAGE TEST CIRCUIT 
WITH NORMAL REFERENCE INPUT VOLTAGE 
(B, R, ANDG) 




TYPICAL CHARACTERISTICS 
FIGURE 4 - DETECTED OUTPUT VOLTAGE 

(Test Circuit of Figure 3) FIGURE 5 - POWER DISSIPATION 



REFERENCE INPUT SIGNAL AMPLITUDE (V(p pl) SUPPLY VOLTAGE (Vdc) 
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MCI 324 


FIGURE 6 - CIRCUIT SCHEMATIC 
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ORDERING INFORMATION 


Device Temperature Range Package 


MC1327P 


-20°C to +75''C 


Plastic DIP 


MC1327 


DUAL DOUBLY BALANCED CHROMA 
DEMODULATOR WITH RGB MATRIX. PAL 
SWITCH, AND CHROMA DRIVER STAGES 


... a monolithic device designed for use in solid-state color television 
receivers. 

• Good Chroma Sensitivity — 0.28 Vp-p Input Typical 

for 5.0 Vp-p Output 

• Low Differential Output DC Offset Voltage — 0.6 V Maximum 

• Differential DC Temperature Stability — 0.7 mV/°C 

• High Blue Output Voltage Swing — 10 Vp-p Typical 

• Blanking Input Provided 

• Luminance Bandwidth Greater than 5.0 MHz 


DUAL DOUBLY BALANCED 
CHROMA DEMODULATOR 
with 

RGB OUTPUT MATRIX 
AND PAL SWITCH 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


PSUFFIX 

PLASTIC PACKAGE 
CASE 646 
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MC1327 


MAXIMUM RATINGS (T^ =+25°C unless otherwise noted! 


Rating 

Value 

Unit 

Power Supply Voltage 

30 

Vdc 

ChromaSignal Input Voltage 

50 

Vpk 

Reference Sigrtal Input Voltage 

50 

Vpk 

Minimum Load Resistance 

30 

k ohms 

Luminance Input Voltage 

12 

Vp-p 

Blankir>g Input Voltage 

7,0 

Vp-p 

Power Dissipation (Package Limitation) 



Plastic Packages 

625 

mW 

Derate above T/^ = +25°C 

50 

mW/°C 

Operating Temperature Range (Ambient) 

-20 to +75 

°C 

Storage Temperature Range 

—65 to +150 

°C 


ELECTRICAL CHARACTERISTICS (Vqq = 24 Vdc, Rl = 3 3 k ohms, T;\ = +25°C unless otherwise noted) 

Characteristic _ | Pin No. \ Min [ Typ | Max | Unit 

STATIC CHARACTERISTICS 


Quiescent Output Voltage 

1,2,4 

13.2 

14.5 

15 8 

Vdc 

(See Figure 2) 






Quiescent Input Current from Supply (Figure 2) 





mA 

(Rl = °°! 



7 5 

- 


(Rl = 3.3 k ohms) 


16 

19 

26 


Reference Input DC Voltage (Figure 2) 

5,12,13 

- 

6 2 

- 

Vdc 

Chroma Reference Input DC Voltage (Figure 2) 

8,9,10 

- 

34 

- 

Vdc 

Differential Output Voltage 

1,2,4 

_ 

03 

06 

Vdc 

(See Note 1 and Figure 2) 






Differential Output Voltage 

1,2,4 




mV/°C 

Temperature Coefficient (See Note 1 and Figure 2) 

(+25°C to +65°C) 


- 

0 7 

_ 


Output Voltage Temperature Coefficient 

1,2,4 

- 

+0 5 

+ 5 0 

mV/°C 

(See Note 1 and Figure 2) 

(+25°C to +65°CI 






DYNAMIC CHARACTERISTICS (Vcc = 24 Vdc, Rl = 3 3 k ohms. Reference Input Voltage 

1.0 Vp-p, Ta “ +25°C unless otherwise noted) 

Blue Output Voltage Swing 

4 


10 

_ 

Vp-p 

(See Note 2 and Figure 3) 






Chroma Input Voltage (B Output = 50 Vp-p) 

8 

- 

280 

550 

mVp-p 

(See Note 3 and Figure 3) 






Luminance Input Resistance 

3 

100 

- 

- 

kn 

Luminance Gain From Pin 3 to Outputs 

1,2,4 





((s> dc) 


- 

0 95 

- 


(@>5 0 MHz, reference at 100 kHz) 


- 

-1.8 

- 

dB 

Differential Luminance Gam. RGB Outputs 





dB 

(@1 5 0 MHz) 


- 

03 

- 


B!anking Input Resistance 

6 




kn 

(1 0 Vdc) 


_ 

1 1 



(0 Vdc) 


- 

75 

- 


Detected Output Voltage (Adjust B Output to 5 0 Vp-p, Luminance 





Vp-p 

Voltage = 23 V) 

(See Note 4) G Output 

mi 

1 4 

1 8 

1^1 


R Output 


2 5 

2.9 

33 


PAL Switch Operating Voltage Range 

11 




Vp-p 

(7.8 kHz Square Wave) 


03 

- 

30 


R-Y Output dc Offset with PAL Switch Operation 


- 

- 

100 

mVdc 

Demodulator Unbalance Voltage (no Chroma Input Voltage and 

1,2,4 

- 

200 

300 

mVp-p 

normal Reference Signal Input Voltage) 






Residual Carrier and Harmonics Output Voltage (with Input Signal 

1,2,4 

- 

06 

1.0 

Vp-p 

Voltage, normal Reference Signal Voltage and B Output =50 Vp-p) 






Reference Input Resistance (Chroma Input = 01 

12,13 

- 

2.0 

- 

kn 

Reference Input Capacitance (Chroma Input = 0) 

12,13 

- 

6.0 

- 

pF 

Chroma Input Resiitanca 

8,9,10 

- 

2.0 

- 

kn 

Chroma Input Capacitance 

8,9,10 

- 

2.0 

- 

pF 


NOTES; 1. Chroma Input Signal Voltaga • 0 and normal Rafaranca input Signal Voltage • 1.0 Vp p 

2. With normal Rafaranca Input Signal Voltaga. adjust Chroma Input Signal Voltaga to 1.2 Vp p 

3. With normal Rafaranca Input Signal Voltaga. adjuit Chroma Input Signal Voltaga until the Blue Output Voltaga - 5 0 Vp-p 

4. With normal Rafaranca Input Signal Voltaga. adjust Chroma Input Signal Voltaga until the Blue Output Voltaga >50 Vp p At this point, the 

Rad and Graan voltages will fall within the spaciftad limits. 
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MCI 327 



8Y CHROMA 


CHROMA 

OC 

REFERENCE 


RY CHROMA 


PAL SWITCH SIGNAL 









MCI 327 


TEST CIRCUITS 

(Vcc = 24 Vdc, Rl = 3.3 kilohms, T/\ = +25°C unless othenwise noted) 


FIGURE 2 - DC OUTPUT VOLTAGE TEST CIRCUIT 
WITH NORMAL REFERENCE INPUT VOLTAGE 
(B, R. AND G) 



FIGURE 3 - DYNAMIC TEST CIRCUIT 
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ORDERING INFORMATION 


MC1330A1P 

MC1330A2P 


Temperature Range 


0°C to +75°C 
0°C to +75°C 


Package 


Plastic DIP 
Plastic DIP 


MC1330A1P 

MC1330A2P 


LOW-LEVEL VIDEO DETECTOR 

... an integrated circuit featuring very linear video character¬ 
istics and wide bandwidth. Designed for color and monochrome 
television receivers, replacing the third IF, detector, video buffer and 
AFC buffer. 

• Conversion Gain - 33 dB (Typ) 

• Excellent Differential Phase and Gain 

• High Rejection of IF Carrier Feedthrough 

• High Video Output — 8.0 V(p-p) 

• Fully Balanced Detector 

• Output Temperature Compensated 

• Improved Versions of the MC1330P 


CIRCUIT DESCRIPTION 

The MC1330A video detector is a fully balanced multiplier detec¬ 
tor circuit that has linear amplitude and phase characteristics. The 
signal is divided into two channels, one a linear amplifier and the 
other a limiting amplifier that provides the switching carrier for the 
detector. 

The switching carrier has a buffered output for use in providing 
the AFT function. 

The video amplifier output is an improved design that reduces 
the differential gain and phase distortion associated with previous 
video output systems. The output is wide band, > 8.0 MHz, with 
normal negative polarity. A separate narrow bandwidth, positive 
video output is also provided. 


LOW-LEVEL VIDEO 
DETECTOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



OUTPUT VOLTAGE SELECTION 
The MC1330A1P is identical to the MC1330A2P 
with the following exception: 

ZERO SIGNAL DC 
OUTPUT VOLTAGE 


MC1330A1P 

MC1330A2P 


7.0 to 8.2 Vdc 
7.8 to 9.0 Vdc 























MC1330A1P, MC1330A2P 




Rating 

Value 

Power Supply Voltage 

24 

DC Video Output Current 

5.0 

DC AFT Output Current 

2.0 

Junction Temperature 

150 

Operating Ambient Temperature Range 

Oto 75 

Storage Temperature Range 

—65 to +150 



ELECTRICAL CHARACTERISTICS (Vcc = +20 Vdc, Q = 40, fc = 45.75 MHz, = +25°C unless otherwise noted) 

































































MC1330A1P, MC1330A2P 


DESIGN CHARACTERISTICS (Vcc = +20 Vdc, Q = 40, fg = 45.75 MHz, Ta = +25°C unless otherwise noted) 


Characteristic 

Pin 

Typ 

Unit 

Input Resistance 


7 

4.9 

kn 

Input Capacitance 


7 

1.5 

PF 

Internal Resistance (Across Tuned Circuit) 


2,3 

4.4 

kn 

Internal Capacitance (Across Tuned Circuit) 


2,3 

1.0 

pF 

Negative Video Output Bandwidth (Figure 10) 


4 

10.8 

MHz 

Positive Video Output Bandwidth (Figure 10) 


5 

2.2 

MHz 

Differential Phase @ 3.58 MHz, 100% Modulated 

Staircase, 3.0 Vp-p Detected Video Pin 5 Tied to Pin 6 

Differential Gain @ 3.58 MHz, 100% Modulated 


4 

|M 

Degrees 

Staircase, 3.0 Vp-p Detected Video Pin 5 Tied to Pin 6 


4 


% 

Differential Phase (s> 3.58 MHz, 100% Modulated 

Staircase, 3 0 Vp-p Detected Video, R Pin 5 = 4.3 kn 

Differential Gam @ 3.58 MHz, 100% Modulated 


4 

8.0 

Degrees 

Staircase, 3.0 Vp-p Detected Video, R Pm 5 = 4.3 kfl 


4 

6.0 

% 

920 kHz Beat Output (dB Below 100% Modulated Video, See Figure 11) 


4 

-38 

dB 

45.75 MHz = Reference 

42.17 MHz = - 6dB 

41.25 MHz =-20 dB 





Video Output Resistance @ 1 MHz, 2 mA 

4 

94 

n 

Input Overload (Carrier Level at Input to 

Vcc = 12 Vdc 

7 

2.0 

Volts 

Caused Detector Output, Pm 4, 

Vcc = 15 Vdc 


2.6 


To Go Positive 0.1 Vdc From 

Vcc = 20 Vdc 


3.6 


Ground.) 

Vcc = 24 Vdc 


4.6 


i Power Supply Voltage Range 

5 

10 to 24 

Volts 


FIGURE 5 -DIFFERENTIAL PHASE AND GAIN TEST SET UP 
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RELATIVE ATTENUATION (dB) OUTPUT VOLTAGE, PIN 4 (Vdc) OUTPUT VOLTAGE, PIN 4 (Vdc) 


IVIC1330A1P, MC1330A2P 


TYPICAL CHARACTERISTICS 

(Vcc •= +20 \/dc,T/^ = +25°C Unless Otherwise Noted) 


FIGURE 6 - OUTPUT VOLTAGE TRANSFER FUNCTION 


FIGURE 7 - OUTPUT VOLTAGE TRANSFER FUNCTION 




CARRIER INPUT VOLTAGE (mV(rms| I 


CARRIER INPUT VOLTAGE (mV|rmsl) 


FIGURE 8 - OUTPUT VOLTAGE, SUPPLY CURRENT 




1 0 2 0 3 0 5 0 10 20 30 50 100 

CARRIER INPUT (mV[rms)) 


FIGURE 10 - VIDEO OUTPUT RESPONSE 




-10 -20 -30 -40 -50 


VIDEO OUTPUT RESPONSE (MHz) 


RELATIVE 41 25 MHz INPUT LEVEL (dB) 
























MC1330A1P, MC1330A2P 


TV-IF Amplifier Information 

A very compact high performance IF amplifier con¬ 
structed as shown in Figure 14 minimizes the number of 
overall components and alignment adjustments. It can be 
readily combined with normal tuners and input tuning- 
trapping circuitry to provide the performance demanded 
of high quality receivers. This configuration will provide 
approximately 93 dB voltage gain and can accomodate the 
usual low impedance input network or, if desired, can 
take advantage of an impedance step-up from tuner to 
MC1349P input. 

The burden of selectivity, formerly found between the 
third IF and detector, must now be placed at the inter¬ 
stage. The nominal 3 volt peak-to-peak output can be 
varied from 0 to 7.0 V with excellent linearity and free¬ 
dom from spurious output products. 

Alignment is most easily accomplished with an AM gen¬ 
erator, set at a carrier frequency of 45.75 MHz, modulated 
with a video frequency sweep. This provides the proper 
realistic conditions necessary to operate to low-level 
detector (LLD). The detector tank is first adjusted for 
maximum detected dc (with a CW input), next, the video 
sweep modulation is applied and the interstage and input 
circuits aligned, step by step, as in a standard IF amplifier. 

Note: A normal iF sweep generator, essentially an FM 
generator, will not serve properly without modification. 
The LLD tank attempts to "follow" the sweep input fre¬ 
quency, and results in variations of switching ampli¬ 
tude in the detector. Hence, the apparent overall response 
becomes modified by the response of the LLD tank, 
which a real signal doesn't do. 

This effect can be prevented by resistively adding a 
45.75 MHz CW signal to the output of the sweep genera¬ 
tor approximately 3 dB greater than the sweep amplitude. 
See Figures 12 and 13 below. For a more detailed descrip¬ 
tion of the MC1330AP see application note AN-545. 

MC1330A General Information 

The MC1330A offers the designer a new approach to 
an old problem. Now linear detection can be performed at 


much lower power signal levels than possible with a detec¬ 
tor diode. 

Offering a number of distinct advantages, its easy 
implementation should meet with ready acceptance for 
television designs. Some specific features and information 
on systems design with this device are given below; 

1. The device provides excellent linearity of output 
versus input, as shown in Figures 6 and 7. These graphs 
also show that video peak-to-peak amplitude (ac) does not 
change with supply voltage variation. (Slopes are parallel. 
Visualize a given variation of input CW and use the figure 
as a transfer function.) 

2. The dc output level does change linearly with supply 
voltage shown in Figure 8. This can be accommodated 
by regulating the supply or by referencing the subsequent 
video amplifier to the same power supply. 

3. The choice of Q for the tuned circuit of pins 2 and 3 
is not critical. The higher the Q, the better the rejection 
of 920 kHz products but the more critical the tuning 
accuracy required. See Figure 11. Values of Q from 20 
to 50 are recommended. (Note the internal resistance.) 

4. A video output with positive-going sync is avail¬ 
able at pin 5 if required. This signal has a higher output 
impedance than pin 4 so it must be handled with greater 
care. If not used, pin 5 may be connected directly to the 
supply voltage (pin 6).The video response will be altered 
somewhat. See Figure 10. 

5. An AFT output (pini) provides 460 mV of IF 
carrier output, sufficient voltage to drive an AFT ratio 
detector, with only one additional stage. 

6. AGC lockout can occur if the input signal pre¬ 
sented in the MC1330A is greater than that shown in the 
input overload section of the design characteristics shown 
on Page 3. If these values are exceeded, the turns ratio be¬ 
tween the primary and secondary of Ti should be in¬ 
creased. Another solution to the problem is to use an in¬ 
put clamp diode D^ shown in Figure 14. 

7. The total I.F. noise figure at high gain reductions 
can be improved by reflecting 1 k source impedance to 
the input of the MC1330AP. This will cause some loss in 
overall IF voltage gain. 


FIGURE 12 - BYPASS DISPLAYED BY 
CONVENTIONAL SWEEP 


FIGURE 13 - BYPASS DISPLAY WITH THE ADDITION 
OF CARRIER INJECTION 
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MC1330A1P, MC1330A2P 


FIGURE 14 - TYPICAL APPLICATION OF MC1349P VIDEO IF AMPLIFIER 
and MC1330A LOW-LEVEL VIDEO DETECTOR CIRCUIT 
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*See Note 1 (page 3), and C4, Parts list (page 4) for this specification on the MC1349P Data Sheet 
**See Input Overload Section of the Design Characienstics Page 3, and General Information, Page 5, Note 6 








ORDERING INFORMATION 


Device 

Temperature Range 

Package 

MC1349P 

0°C to +70°C 

Plastic DiP 


MC1349P 


IF AMPLIFIER 

... an integrated circuit featuring wide range AGC for use as an 
IF amplifier in radio and television applications over the temperature 
range 0 to +70°C. 

• Power Gain — 60 dB typ at 45 MHz (pin 3 open) 

— 56 dB typ at 58 MHz (pin 3 open) 

— 61 dB typ at 45 MHz (pin 3 bypassed) 

— 59 dB typ at 58 MHz (pin 3 bypassed) 

• AGC Range — 80 dB typ, dc to 45 MHz 

• High Output Impedance 

• Low Reverse Transfer Admittance 

• 15-Volt Operation, Single-Polarity Power Supply 

• Improved Noise Figure versus AGC 


IF AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



FIGURE 1 - TYPICAL APPLICATION OF MC1349P VIDEO IF AMPLIFIER 
and MC1330 LOW-LEVEL VIDEO DETECTOR CIRCUIT 
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j 

r^i I 


TURNS 

Li wound with =26 AWG tinned nylon 
acetate wire tuned by distorting winding 



















IVIC1349P 


MAXIMUM RATINGS (T^ =+25°C unless otherwise noted). 


Rating 

Value 

Unit 

Power Supply Voltage (Vcci) 

+18 

Vdc 

Output Supply Voltage (Vcc2l 

+18 

Vdc 

AGC Supply Voltage 

$ Vcci IP'" 2) 

Vdc 

Differential Input Voltage 

5.0 

Vdc 

Power Dissipation (Package Limitation) 



Plastic Package 

625 

mW 

Derate above = +25°C 

5.0 

mW/°C 

Operating Temperature Range 

0 to +70 

°C 

Storage Temperature Range 

-65 to +150 

°C 


ELECTRICAL CHARACTERISTICS (Vcci = +12 Vdc [pm 2], ^CC2 “ +15 Vdc [pins 1 and 8], = +25°C unless otherwise noted.) 


Characteristic 

Min 

Typ 

Max 

Unit 

AGC Range, 45 MHz (5.0 V to 7.5 V) (Figure 3) 

70 

80 

- 

dB 

Power Gain (Pin 5 grounded via 5.1 kn resistor, input pin 4) 
f = 45 MHz, BW (3 dB) = 4.5 MHz', Tuned Input, pin 3 open 

52 

60 


dB 

Untuned Input, pin 3 bypassed 

- 

61 

- 


f = 58 MHz, BO (3 dB) = 4.5 MHz, Tuned Input, pin 3 open 

- 

56 

- 


Untuned Input, pin 3 bypassed 

- 

59 

- 


Maximum Differential Output Voltage Swing 

- 

6.0 

- 

Vp-p 

Output Stage Current (pins 1 and 8) 

- 

9.0 

- 

mA 

Amplifier Current (pin 2) 

- 

15 

20 

mAdc 

Power Dissipation 

- 

315 

400 

mW 

Noise Figure 

— 

8.5 

- 

dB 

f = 45 MHz, Tuned Input, pin 3 open. Gain Reduction = 15 dB 
_ 

_ 





DESIGN PARAMETERS (V^ci “ +12 Vdc, [pin 2], Vqq2 ~ +15 Vdc, (pins 1 and 8], = +25°C unless otherwise noted.) 




Frequency 


Parameter 

Symbol 

45 MHz 

58 MHz 

Unit 

Single-Ended Input Admittance, input pin 4, AGC min 




mmhos 

Pin 3 open 

gii 

0,74 

0.95 


Pin 3 open 

b11 

1.9 

2.4 


Pin 3 bypassed 

gii 

4.1 

5.4 


Pin 3 bypassed 

b11 

6.5 

6.9 


Differential Output Admittance, AGC max 

g22 

5.5 

8.3 

pmhos 


b22 

270 

360 


Reverse Transfer Admittance (magnitude) 


1.5 

2.0 

pmhos 

Forward Transfer Admittance 





Magnitude, pin 3 open 


520 

400 

mmhos 

Angle (0 dB AGC), pin 3 open 


100 

130 

degrees 

Magnitude, pin 3 bypassed 


1020 

800 

mmhos 

Angle (0 dB AGC), pin 3 bypassed 


120 

400 

degrees 

Single-Ended Input Capacitance, AGC min 




pF 

Pin 3 open 


6.8 

6.7 


Pin 3 bypassed 


2.3 

20 


Differential Output Capacitance (AGC max) 


1.0 

1.0 

pF 
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MC1349P 


FIGURE 2 - CIRCUIT SCHEMATIC 



GENERAL INFORMATION 

The MC1349P is an improved version of the MC1350P. Fea¬ 
turing higher gam, a lower noise figure, and greater AGC range; 
in addition, an emitter of the input amplifier Is available for by¬ 
passing. This provides a low input impedance with good gam, 
useful for untuned input configurations. 

Both input and output IF amplifier sections are gain-controlled 
in the MC1349P, with the input amplifier also serving as an AGC 
amplifier for the output section. During the initial part of AGC 
gam reduction, the gam of the input amplifier decreases only a 
few dB while the output section decreases 15 dB; further AGC 
acts upon the input section. Although the gain reduction curve 
was taken with 5.1 kilohms at pm 5, higher series resistance can 
be used to reduce the voltage and temperature sensitivity of the 
AGC. Pin 5 currents are shown on the AGC curve, see Figure 10. 

In use, it IS important to bypass pin 2, both for IF frequencies 


and for low frequencies, (as shown in the test circuits). This is 
due to the dual function of the input amplifier. If replacing MC- 
1350P take precaution not to ground pin 3, (not used in the 
MC1350P). Due to the significantly higher gam of the MC1349P, 
extra care m layout should be exercised. 


NOTE 1: The references to bypasses at pin 3 do not give specific 
values (C4, see Figures 1 and 4). In all cases, measure¬ 
ments were taken with a bypass at a standard value as 
near as possible to series resonance. The values are de¬ 
pendent on test frequency and circuit layout. Fully 
bypassing pin 3 reduces the input signal handling capa¬ 
bility before distortion from over 100 m\/(RMS) to 
approximately 25 mV(RMS). C4 = 0.002 pF at f = 45 
MHz is a typical value for printed circuit applications. 
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MC1349P 


TEST CIRCUITS 

FIGURE 3 - TUNED INPUT 
(PIN 3 OPEN) 



FIGURE 4 - UNTUNED INPUT 
(PIN 3 BYPASSED TO GROUND) 



T1 Primary 14 turns center-tapped 

Secondary 2Vi turns (45 MHz tuned input 
pin #3 open) 1/2 turns (all 
other fixtures) wound over 
primary 

Wire. f 26 AWG tinned nylon acetate wound 
on 1/4" diameter coil form 
Core Arnold Type TH, 1/2" long or equivalent 


PARTS LIST 


COMPONENT 

45 MHz 

58 MHz 

Cl 

8-60 pF 

50-100 pF 

C2 

3-35 pF 

3-35 pF 

C3 

1-7.0 pF 

1-7.0 pF 

C4 

82-470 pF 

82-470 pF 

Cp 

0.0015 mF 

0.001 mF 

U1 

0.84 flH 

0.33 AiH 

Lp 

10 pH 

10 tlH 
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MC1349P 


TYPICAL CHARACTERISTICS 


FIGURE 5 - SINGLE-ENDED INPUT ADMITTANCE 
(PIN 3 OPEN) 



10 20 30 50 70 100 

FREQUENCY (MHz) 


FIGURE 6 - SINGLE-ENDED INPUT ADMITTANCE 
(PIN 3 BYPASSED TO GROUND) 



10 20 30 50 70 100 

FREQUENCY (MHz) 


FIGURE 7 - SINGLE-ENDED FORWARD 
TRANSFER ADMITTANCE 



FIGURE 8 - DIFFERENTIAL OUTPUT ADMITTANCE 
(MAXIMUM AGO 



10 20 30 50 70 100 

FREQUENCY (MHz) 



0 10 20 30 40 50 


GAIN REDUCTION (dB) 


FIGURE 10 - GAIN REDUCTION 
iagc (IaA) 



522, OUTPUT SUSCEPTANCE (mmhos) 


















ORDERING INFORMATION 


Device 

Temperature Range 

Package 

MC1350P 

0°C to +75**C 

Plastic DIP 



MONOLITHIC IF AMPLIFIER 


... an integrated circuit featuring wide range AGC for use as an IF 
amplifier in radio and TV over the temperature range 0 to +75°C. 
The MC1352 is similar in design but has a keyed-AGC amplifier as an 
integral part of the same chip. 

• Power Gain — 50 dB typ at 45 MHz, 

— 48 dB ^yp at 58 MHz 

• AGC Range - 60 dB min, dc to 45 MHz 

• Nearly Constant Input and Output Admittance Over the Entire 

AGC Range 

• y 21 Constant (-3.0 dB) to 90 MHz 

• Low Reverse Transfer Admittance — « 1.0 pmho typ 

• 12-Volt Operation, Single-Polarity Power Supply 


IF AMPLIFIER 

MONOLITHIC SILICON 
INTEGRATED CIRCUIT 


8 

n, n 


(top view) 



PLASTIC PACKAGE 
CASE 626 


FIGURE 1 - TYPICAL MC1350 VIDEO IF AMPLIFIER 
and IVIC1330 LOW-LEVEL VIDEO DETECTOR CIRCUIT 


0 002fiF 470 220 +18 Vdc 



All windings #30 AWG tinned nylon Li wound with #26 AWG tinned nylon 

acetate wire tuned with Arnold Type acetate wire tuned by distorting winding 

TH slugs 
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MC1350 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 



Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

V+ 

+18 

Vdc 

Output Supply Voltage 

vi.va 

+18 

Vdc 

AGC Supply Voltage 

VaGC 

V+ 

Vdc 

Differential Input Voltage 

Vin 

5.0 

Vdc 

Power Dissipation (Package Limitation) 

Plastic Package 

Pd 

625 

mW 

Derate above 25°C 


5.0 

mW/°C 

Operating Temperature Range 

Ta 

0 to +75 

°C 


ELECTRICAL CHARACTERISTICS (V*" = +12 Vdc;TA =+250C unless otherwise noted) 





























































































































IVIC1350 


GENERAL OPERATING INFORMATION 


The input amplifiers (Q1 and Q2) operate at constant emitter 
currents so that input impedance remains independent of AGC 
action. Input signals may be applied single-ended or differentially 
(for ac) with identical results. Terminals 4 and 6 may be driven 
from a transformer, but a dc path from either terminal to ground 
is not permitted. 

AGC action occurs as a result of an increasing voltage on the 
base of Q4 and Q5 causing these transistors to conduct more 
heavily thereby shunting signal current from the interstage ampli¬ 
fiers Q3 and Q6. The output amplifiers are supplied from an active 
current source to maintain constant quiescent bias thereby holding 
output admittance nearly constant. Collector voltage for the out¬ 
put amplifier must be supplied through a center-tapped tuning 
coil to Pins 1 and 8. The 12-volt supply (V*") at Pin 2 may be used 
for this purpose, but output admittance remains more nearly con¬ 
stant if a separate 15-volt supply (V'*"'') is used, because the base 
voltage on the output amplifier varies with AGC bias. 


FIGURE 5 - POWER GAIN, AGC and NOISE FIGURE TEST CIRCUIT 
(45 IVIHz and 58 MHz) 



All power-supply chokes (Lp), are sell-resonate at 

input frequency. Lp S 20 ktZ 

See Figure 10 for frequency response curve 

Li 45 MHz = 7 1/4 Turns on a 1/4" coil form. 

@ 58 MHz = 6 Turns on a 1/4" coil form 
T 1 Primary Winding = 18 Turns on a 1/4" coil form, center-tapped 
Secondary Winding = 2 Turns centered over Primary Winding @45 MHz 
= 1 Turn @58 MHz 
Slug = Arnold TH Material 1/2" Long 


FIGURE 4 - CIRCUIT SCHEMATIC 



INPUT AMPLIFIER SECTION BIAS SUPPLIES OUTPUT AMPLIFIER SECTION 


FIGURE 6 - POWER GAIN and AGC TEST CIRCUIT 
(455 kHz and 10.7 MHz) 


Input 



Notel. Primary; 120 pH (center-tapped) 

Qu= 140 at 455 kHz 
Primary: Secondary turns ratio % 13 
Note 2. Primary: 6.0pH 

Primary winding = 24 turns #36 AWG (close-wound on 
1/4" dia. form) 

Core = Arnold Type TH or equiv. 

Secondary winding = 1-1/2 turns #36 AWG, 1/4" dia. 

(wound over center-tap) 



45 MHz 

58 MHz 

Li 

0 4 pH 

Q 6 100 

0 3pH 

Q g 100 

Tl 

1 3-3 4 pH 

Q S 100 @2 pH 

1 2-3 8 pH 

Q g 100@2pH 

Cl 

50- 160 pF 

8-60pF 

C2 

8 - 60 pF 

3-35pF 


Component 

Frequency 

455 kHz 

10.7 MHz 

Cl 

- 

80-450 pF 

C2 

- 

5.0-80 pF 

C3 

0.05 pF 

0.001 pF 

C4 

0.05 pF 

0.05 pF 

C5 

0.001 pF 

36 pF 

C6 

0 05pF 

0.05 pF 

C7 

0.05 pF 

0.05 pF 

LI 

- 

4.6 pH 

Tl 

Note 1 

Note 2 
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'MC1350 


TYPICAL CHARACTERISTICS 

(V+= 12 V. Ta = +25°C) 


FIGURE 7 - SINGLE-EIMDED INPUT ADMITTANCE 


FIGURE 8 - FORWARD TRANSFER ADMITTANCE 



FIGURE 9 - DIFFERENTIAL OUTPUT ADMITTANCE 



10 20 30 40 50 70 100 


FIGURE 10 - TEST CIRCUIT RESPONSE CURVE 
(45 and 58 MHz) 



Scale: 1 MHz/cm 


FREQUENCY (MHz) 



FIGURE 11 - DIFFERENTIAL OUTPUT VOLTAGE 



0 10 20 30 40 so 60 70 80 


GAIN REDUCTION (dB) 


For additional information see "A High-Performance Monolithic 
IF Amplifier Incorporating Electronic Gain Control", by W. R. 
Davis and J. E. Solomon, IEEE Journal on Solid State Circuits, 
December 1968. 
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ORDERING INFORMATION 


Device 

Temperature Range 

Package 

MC1351P 

0°C to -l-75°C 

Plastic DIP 


MC1351 


WIDE-BAND FM-AMPLIFIER; LIMITER, DETECTOR, 
AND AUDIO AMPLIFIER 

. . . designed for IF limiting, detection, audio preamplifier and driver 
for the sound portion of a TV receiver. 

• Excellent Limiting with 80 /iV(rms) Input Signal typ 

• Large Output-Voltage Swing - to 3.5 V(rms) typ 

• High IF Voltage Gain — 65 dB typ 

• Zener Power-Supply Regulation Built-In 

• Short-Circuit Protection 

• A Coincidence Discriminator that Requires Only One RLC Phase 
Shift Network 

• Preamplifier to Drive a Single External-Transistor Class-A Audio- 
Output Stage 


TV SOUND CIRCUIT 
MONOLITHIC SILICON 
INTEGRATED CIRCUIT 



PSUFFIX 

PLASTIC PACKAGE 
CASE 646 


BLOCK DIAGRAM 



CIRCUIT SCHEMATIC 























MC1351 


MAXIMUM RATINGS (Ta = +25° unless otherwise noted) 


Rating 

Symbol 

Power Supply Voltage 

Vcc 

Input Voltage 

Vin 

Power Dissipation (Package Limitation) 


Plastic Packages 

Pd 

Derate above +25°C 

1/6jA 

Operating Temperature Range 

Ta 

Storage Temperature Range 

Tstg 


ELECTRICAL CHARACTERISTICS (Vcc = 12 Vdc, Ta =+250C, f = 


Characteristic 


Input Voltage (-3.0 dB Limiting) 


AM Rejection (Vjn = 20 mV(rms), AM = 30%) (See Note 1) 

AMR = 20loc ''OFM 1 f = 4.5 MHz, Deviation = ±25 kHz, Ql = 24 
VqaM ' f = 5.5 MHz, Deviation = ±50 kHz, □(_ = 30- 


Total Harmonic Distortion (Ql= 24) (See Note 1) 

(7.5 kHz Deviation) 


Maximum Undistorted Audio Output Voltage (Pin 10) (See Note 1) 
(Audio Gain Adjusted Externally) (Q = 24) 


Recovered Audio (Pin 2) (See Note 1) 

(f = 4.5 MHz, Deviation = ±25 kHz, Ql = 24) 

(f = 5.5 MHz, Deviation = ±50 kHz, Ql = 30) 


Audio Preamplifier Open Loop Gain 


IF Voltage Gain 


Parallel Input Resistance 


Parallel Input Capacitance 


Nominal Zener Voltage dz “ 5.0 mAdc) 


Power Supply Current (Iz = 5.0 mAdc) 


Power Dissipation (Iz = 5.0 mAdc) 



Note 1. Qi_ IS loaded circuit Q. 


FIGURE 1 - TEST CIRCUIT (Vcc 


Value 


Unit 














































































DETECTED AUDIO OUTPUT 

VOLTAGE GAIN (dB) VOLTAGE (mVlrms)) 


MC1351 


TYPICAL CHARACTERISTICS 


FIGURE 2 - DETECTED AUDIO OUTPUT versus INPUT 
LEVEL @ f =4.5 MHz, ±25 kHz DEVIATION 


FIGURE 3 - DETECTED AUDIO OUTPUT versus INPUT 
LEVEL @ f = 5.5 MHz, ±50 kHz DEVIATION 



10 100 1.0 k tOk 

INPUT VOLTAGE OiVlrmsl) 



10 100 1.0 k 10 k 


INPUT VOLTAGE OiVIrmsI) 


FIGURE 4 - DETECTOR "S" CURVE @ f = 4.5 MHz, 
BW = 200 kHz, Q = 24 



FIGURE 5 - DETECTOR "S" CURVE @> f = 5.5 MHz, 
BW = 220 kHz, O = 30 





1.0 2.0 3.0 4.0 S.0 6.0 7.0. 8.0 S.O 10 11 12 100 1.0k 10k 100k 

FREQUENCY (MHz) INPUT VOLTAGE (MVlrms)) 
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MC1351 


FIGURE 8 - 4.5 MHz TYPICAL APPLICATION 

50 mH Vcc 140 Vdc 



CONTROL 







ORDERING INFORMATION 


Device Temperature Range Package 


MC1352P 0°C to +70°C Plastic DIP 


MC1352 



All windings #30 AWG tinned nylon acetate f*™] I I [ ] 

wire tuned with Arnold Type TH slugs i i I i t i . r I —i 


’"‘rn-* CD-I 


■y" T 

S 6 

TURNS TURNS 


I_ I Wound with #26 AWG tinned nylon 

—T acetate wire tuned by distorting 

I T 3" winding 
16 
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MCI 352 


MAXIMUM RATINGS (Voltages referenced to pin 4, ground; T/\ = +25°C unless otherwise noted) 


Rating 

Value 

Unit 

Power Supply (Pin 11) 

+ 18 

Vdc 

Output Supply (Pins 7 and 8 ) 

+ 18 

Vdc 

Signal Input Voltage (Pin 1 or 2, other pin ac grounded) 

10 

Vp.p 

AGC Input Voltage (Pin 6 or 10, other pin ac grounded) 

+6 0 

Vdc 

Gating Voltage, Pin 5 

+ 10 , -20 

Vdc 

Power Dissipation 



Derate above T/^ = +25°C 

5.0 


Operating Temperature Range 

0 to +70 

°C 

Storage Temperature Range 

-55 to +150 

“C 


ELECTRICAL CHARACTERISTICS (Vcc^ Voltages referenced to pin 4. ground: Ta == +25°C unless otherwise noted.) 


Characteristic 

Min 

Typ 

Max 

Unit 

AGC Range 

- 

75 

- 

dB 

Power Gam 
f = 35rVIHzor 45 MHz 

_ 

n 

_ 

dB 

f = 58 MHz 

- 


- 


Maximum Differential Output Voltage Swing 

OdB AGC 


16.8 


Vp.p 

-30 dB AGC 

- 

8.4 

- 


Voltage Range for RF-AGC at Pin 12 

Maximum 

_ 

7.0 

_ 

Vdc 

Minimum 

- 

02 

- 


IF Gam Change Over RF-AGC Range 

- 

10 

- 

dB 

Output Stage Current (I 7 + 13 ) 

- 

5.7 

- 

mAdc 

Total Supply Current (I 7 + Is + • 111 

- 

27 

31 

mAdc 

Total Power Dissipation 


325 

370 

mW 


DESIGN PARAMETERS, TYPICAL VALUES (Vqc =12 Vdc, T/^ = +25°C unless otherwise noted ) 


Parameters 

Symbol 

f = 35MHz 

f = 45MHz 

f = 58IVIHz 

Unit 

Single-Ended Input Admittance 

911 

0.55 

0.70 

1.1 

mmhos 


t >11 

2.25 

2 80 

3 75 


Input Admittance Variations with AGC (0 to 60 dB) 

^911 

50 

60 

- 

pmhos 


Abii 

0 

0 

- 


Differential Output Admittance 

922 

20 

40 

75 

pmhos 


b 22 

430 

570 

780 


Output Admittance Variations with AGC (0 to 60 dB) 

Ag 22 

30 

4.0 

- 

^mhos 


Ab 22 

80 

100 

- 


Reverse Transfer Admittance 

Iyi 2 l 

«1 0 

« 1.0 

« 1.0 

pmho 

Forward Transfer Admittance 

■■■ 





Magnitude 


260 

240 

210 

mmhos 

Angle (Q dB AGC) 


-73 

-100 

-135 

degrees 

Angle (-30 dB AGC) 


-52 

-72 

-96 


Single-Ended Input Capacitance 

- 

9.5 

10 

10.5 

PF 

Differential Output Capacitance 

- 

2.0 

2.0 

2.5 

pF 












































































































MC1352 


FIGURE 2 - CIRCUIT SCHEMATIC 



KEYER AND AGC AMPLIFIER 


RF-AGC Amplifier and 

Keying Section Delay Section 

(AGC Storage Capac.) OFAGC filler) 
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MC1352 


FIGURE 3 - POWER GAIN, AGC AND NOISE TEST CIRCUIT 



Vq, is maintained across the external capacitor, C2, for a particular 
video level and dc reference setting. The voltage Vq, is the result 
of the charge delivered through D1 and the charge drained by Ql. 
The charge delivered occurs during the time of the gating pulse, 
and its magnitude is determined by the amplitude of the video 
signal relative to the dc reference level. The voltage V(; is delivered 
via the IF-AGC amplifier and applied to the variable gain stage of 
the IF signal amplifier and is also applied to the RF-AGC amplifier, 
where it is compared to the fixed RF-AGC delay voltage reference 
by the differential amplifier, Q2 and Q3. The following stages 
amplify the output signal of Q2 and shift the dc levels causing the 
RF-AGC voltage to vary. 

The input amplifiers (Q4 and Q5) operate at constant emitter 
currents so that input impedance remains independent of AGC 
action. Input signals may be applied single-ended or differentially 
(for ac). Terminals 1 and 2 may be driven from a transformer, but 
a dc path from either terminal to ground is not permitted. 

AGC action occurs as a result of an increasing voltage on the 
base of Q6 and Q7 causing those transistors to conduct more heavily 
thereby shunting signal current from the interstage amplifiers Q8 
and Q9. The output amplifiers are fed from an active current 
source to maintain constant quiescent bias thereby holding output 
admittance nearly constant. 


NOTES: 

1. The 12-V supply must have a low ac impedance to prevent low- 
frequency instability in the RF-AGC loop. This can be achieved 
by a 12-7 zener diode and a large decoupling capacitor. (5 pF). 


Ll ®3Sor45MHi* 11/*Tufnson< 1/4 toil loin 
@ 58 MHi-611110100)1/4 coil lorn 
T1 PnoliryWioilios-1831.10100)1/4 coil lorn 
Sotoodaiv *ioOioj - 2 Tiiioi Wound Eyioly ovir Prinaiy 
Winding lor 35 or 45 MHf and 1 
Turn lor 58MHf 

Slug > Arnold TH Material 1/2 long 

GENERAL OPERATING INFORMATION 

The IV1C1352 consists of an AGC section and an IF signal 
amplifier (Figure 2) subdivided into different functions as indi¬ 
cated by the illustration. 

A gating pulse, a reference level, and a composite video signal 
are required for proper operation of the AGC section. Either 
positive or negative-going video may be used; necessary connections 
and signal levels are shown in Figure 1. The essential difference is 
that the video is fed into Pin 10 and the AGC reference level is 
applied to Pin 6 for a video signal with positive-going sync while 
the input connections are reversed for negative-going sync. 

The action of the gating section is such that the proper voltage. 


2 Choices of Cl, C2 and C3 depend somewhat on the set designers' 
preference concerning AGC stability versus AGC recovery speed 
Typical values are Cl = 0.1 pF. C2 = 0 25 pF, C3 = 10 pF 

3- To set a fixed IF-AGC operating point (eg, for receiver align¬ 
ment) connect a 22 kn resistor from pin 9 to pin 11 to give mini¬ 
mum gam, then bias pin 14 to give the correct operating point 
using a 200 kn variable resistor to ground 

4. Although the unit will normally be operating with a very high 
power gain, the pin configuration has been carefully chosen so 
that shielding between input and output terminals will not 
normally be necessary even when a standard socket is used. 


FIGURE 5 - TYPICAL AGC APPLICATION CHART 


FIGURE 4 - TEST CIRCUIT RESPONSE CURVE 
(45 and 58 MHz) 
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Video 

Polarity 

Pin B 

Voltage 

Pin 10 

Voltage 

Pm 5 

RI (S2) 

Negative- 

Going 

Sync 

0 - 

Adj. 1.0-4 0 Vdc 

Nom 2.0 V 

0 

Positive- 

Ad| 1.0-8.0 Vdc 



Going 


ri 


Sync 

Norn 4 5V 

^ 'Vyi/J Wv 

39k 


Scale 1 MHz/cm 
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ORDERING INFORMATION 


Device Temperature Range Package 


MC1355P 0°C to +75‘’C Plastic DIP 


MC1355 


BALANCED FOUR-STAGE 
HIGH-GAIN FM/IF AMPLIFIER 


.. . designed for use with Foster-Seeley discriminator or ratio detector 
in high quality FM systems. 

• High AM Rejection (60 dB typ) 

• Wide Range of Supply Voltages (8 to 18 Vdc) 

• Low Distortion (0.5% typ) 


LIMITING FM 
IF AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 
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IVIC1355 


MAXIMUM RATINGS (T^ = +25°C unless otherwise noted.) 


Rating 

Value 

Unit 

Output Voltage (pins 7 & 8) 

40 

Vdc 

Supply Current to pin 11 

20 

mA 

Input Signal Voltage (single-ended) 

5.0 

Vp-p 

Input Signal Voltage (differential) 

10 

Vp-p 

Power Dissipation (package limitation) 

625 

mW 

Derate above = +25°C 

5.0 

mW/°C 

Operating Temperature Range (Ambient) 

0 to +75 

OC 

Storage Temperature Range 

-65 to +150 

°C 


ELECTRICAL CHARACTERISTICS Ncc = 15 Vdc, f = 10 7 MHz, = +25°C) 



'0 






































































IVIC1355 


TYPICAL CHARACTERISTICS 



R2 50 ohms 
R3 100 ohms 
R4 Skilohms 
R5 12kilohms 


C2 001 ;iF 
T1 10 7 MHz Foster Seeley Discriminator, 
Primary Impedance = 3 9 k. 

Peak to-Peak Separation = 600 kHz 


{1NS42 Qrequiv) 


Specifications are given for a Foster-Seeley discriminator. Im¬ 
proved AM rejection at low signal levels can be obtained with a 
ratio detector. 

For optimum circuit stability it is important to ground pins 2, 
3, 4.6, 9, 12, and 13. 


FIGURE 4 - AM REJECTION TEST BLOCK DIAGRAM 



V DIODE BIAS 



0 01 0.1 1 0 10 100 1000 



0 01 0 1 1 0 10 100 1000 


SIGNAL INPUT VOLTAGE (mVIrms)) 


SIGNAL INPUT VOLTAGE (mVIrmsl) 





































MCI 355 


TYPICAL CHARACTERISTICS (continued) 



OOt 0.1 1.0 10 100 1000 



0 01 0.1 1.0 10 100 1000 


SIGNAL INPUT VOLTAGE (mVlrmsI) 


SIGNAL INPUT VOLTAGE (mVlrms)) 


5 



80 10 12 14 16 18 

SUPPLY VOLTAGE (VOLTS) 
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ORDERING INFORMATION 


Device 

Temperature Range 

Package 

MC1357P 

O-C to +75‘’C 

Plastic DIP 


TV SOUND IF OR FM IF AMPLIFIER 
WITH QUADRATURE DETECTOR 


A Direct Replacement for the ULN2111A 


Greatly Simplified FM Demodulator Alignment 


• Excellent Performance at Vcc = 8.0 Vdc 


MC1357 


IF AMPLIFIER 
AND QUADRATURE 
DETECTOR 

SILICON MONOLITHIC 
INTEGRATEDCIRCUIT 
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MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 


Rating 

Value 

Unit 

Power Supply Voltage 

16 

Vdc 

Input Voltage (Pin 4) 

3.5 

Vp 

Power Dissipation (Package Limitation) 

625 

mW 

Plastic Packages 



Derate above T/^ = +25°C 

5.0 

mW/°C 

Operating Temperature Range (Ambient) 

0 to +75 

°C 

Storage Temperature Range 

-65 to +150 

°C 


ELECTRICAL CHARACTERISTICS (Vcc “ 12 Vdc, Ta = +25°C unless otherwise noted.) 


Characteristic 


Drain Current 


Amplifier Input Reference Voltage 


Detector Input Reference Voltage 


Amplifier High Level Output Voltage 


Amplifier Low Level Output Voltage 


Detector Output Voltage 


Amplifier Input Resistance 


Amplifier Input Capacitance 


Detector Input Resistance 


Detector Input Capacitance 


Amplifier Output Resistance 


Detector Output Resistance 


De-Emphasis Resistance 


Vcc = 8 V 

Vcc= ■'2 V 


Vcc = 8 V 
Vrr = 12 V 



DYNAMIC CHARACTERISTICS (FM Modulation Freq. = 1.0 kHz, Source Resistance = 50 ohms, Ta = +25°C for all tests.) 
(VcC “ 12 Vdc, fo = 4.5 MHz, Af = ±25 kHz, Peak Separation = 150 kHz) 


Characteristics 


Amplifier Voltage Gam (V,n^ 50 uVfrms]) 


AM Rejection* (Vir, = 10 mVIrms]) 


Input Limiting Threshold Voltage 


Recovered Audio Output Voltage (Vm = 10 mV(rmsl) 


Output Distortion (Vm = 10 mV[rms]) 


(Vcc 12 Vdc, fo = 5.5 MHz, Af = ±50 kHz, Peak Separation = 260 kHz) 


Amplifier Voltage Gain (Vm^- 50 pV(rms]) 


AM Rejection* (V 


Input Limiting Threshold Voltage 


Recovered Audio Output Voltage (V.n = 10 mV(rms]) 


Output Distortion (Vjn = 10 mV[rms]) 


(Vcc = 8.0 Vdc, fo = 10.7 MHz, Af = ±75 kHz, Peak Separation = 550 kHz) 


Amplifier Voltage Gain ( V,n ^ 50 uV[rms]) 


AM Rejection* (V,n = 10 mVfrms])_ _ 


Input Limiting Threshold Voltage 


Recovered Audio Output Voltage (Vm = 10 mVfrms]) 


Output Distortion (Vm = 10 mV[rms)) 



(Vcc = 12 Vdc, fo = 10.7 MHz, Af = ±75 kHz, Peak Separation = 550 kHz) 


Amplifier Voltage Gain (V.n < 50 uVfrmsl) 

10 


53 

_ 

dB 

AM Rejection* (Vin = 10 mVfrmsl) 

1 

_ 

45 

_ 

dB 

Input Limiting Threshold Voltage 

4 

_ 

600 

_ 

WHIfflMI 

Recovered Audio Output Voltage (Vin = 10 mVIrms]) 

1 

- 

0.48 

- 

V(rms) 

Output Distortion (V.n = 10 mVfrms]) 

1 

- 

1.4 

- 

% 


*100% FM, 30% AM Modulation 


5-74 















































































































































DETECTED AUDIO OUTPUT AM REJECTION (dB) 

VOLTAGE(Vlrinsl) 


MC1357 


TYPICAL CHARACTERISTICS 

(Vcc = 12 V, Ta = +25°C unless otherwise noted) 

(fo = 4.5 MHz) Test Circuit of Figure 13) = 5 5 |vihz) 


FIGURE 2 - AM REJECTION 


FIGURE 3 - AM REJECTION 



INPUT VOLTAGE (inV(rmsl) 


INPUT VOLTAGE (mV |rmsl) 



0.04 0 1 0.4 1.0 4 0 10 40 



0 02 0 1 0.2 1 0 2 0 10 20 


5 


INPUT VOLTAGE (mVlrmsU 


INPUT VOLTAGE (mVltnisl I 


FIGURE 6 - DETECTOR TRANSFER CHARACTERISTIC 















f * 4.50 MHz 







Q = 24 





■■ 





FIGURE 7 - DETECTOR TRANSFER CHARACTERISTIC 
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OUTPUT VOLTAGE (VOLTS) VOLTAGE NORMALIZED TO+250C AM REJECTION (dB) 


MC1357 


TYPICAL CHARACTERISTICS (continued) 

(fo = 10.7 MHz, Ta = +25°C unless otherwise noted.) 
(Use Test Circuit of Figure 13) 



5.0 10 20 50 

INPUT VOLTAGE (mVlrmsl) 


FIGURE 9 - AFC VOLTAGE DRIFT 
(1.0 mV INPUT CARRIER @ 10.7 MHz) 



0 01 0 02 0 05 0 1 0 2 0 5 1.0 2 0 5 0 10 20 50 100 

INPUT SIGNAL VOLTAGE (mV[rmsl) 



-30 -10 +10 +30 +50 +70 +90 +110 +130 +150 +170 



0 01 0 02 0.05 0.1 0 2 0 5 1.0 2.0 5 0 10 


AMBIENT TEMPERATURE (OC) 


INPUT SIGNAL VOLTAGE (mV) 


FIGURE 12 - DETECTOR TRANSFER CHARACTERISTIC 
+1.5 

+ 1.0 

+0.5 

0 

-0.5 
- 1.0 
-1.5 

10.45 10.5 10.55 10 6 10.65 10.7 10.75 10.8 10.85 10.9 10 95 

FREQUENCY (MHz) 



FIGURE 13 - TEST CIRCUIT 
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MC1357 


FIGURE 14 - FM RADIO TYPICAL APPLICATION CIRCUIT 



Note 1: 

Information shown in Figures 15, 16, and 17 was obtained 
using the circuit of Figure 14. 

Note 2: 

Optional input to the quadrature coil may be from either 
pin 9 or pin 10 in the applications shown. Pin 9 has commonly 
been used on this type of part to avoid overload with various 
tuning techniques. For this reason, pin 9 is used in tests on the 
preceding pages (except as noted). However, a significant im¬ 
provement of limiting sensitivity can be obtained using pin 10, 
see Figure 17, and no overload problems have been incurred 
with this tuned circuit configuration. 



10 30 100 300 1000 


INPUT SIGNAL VOLTAGE (|jV[rmsl) 




10 30 100 300 1000 



INPUT SIGNAL VOLTAGE (pVIrms)) 


INPUT SIGNAL VOLTAGE (liVlrms)) 














MC1357 


FIGURE 18 - CIRCUIT SCHEMATIC 
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ORDERING INFORMATION 


MC1358P 

MC1358PQ 


Temperature Range 


-20‘'C to H-ys^c 
-20‘'C to +75°C 


Package 


Plastic DIP 
Plastic 


TV SOUND IF AMPLIFIER 


... a versatile monolithic device incorporating IF limiting, detection, 
electronic attenuation, audio amplifier, and audio driver capabilities. 


• Direct Replacement for the CA3065 

• Differential Peak Detector Requiring a Single Tuned Circuit 

• Electronic Attenuator Replaces Conventional ac Volume 

Control — Range > 60 dB 

• Excellent AM Rejection @ 4.5 and 5.5 MHz 

• High Stability 

• Low Harmonic Distortion 

• Audio Drive Capability — 6.0 mAp-p 

• Minimum Undesirable Output Signal @ Maximum Attenuation 


MC1358 


IF AMPLIFIER, LIMITER, 

FM DETECTOR, AUDIO DRIVER, 
ELECTRONIC ATTENUATOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


PLASTIC PACKAGE 
CASE 646 



FIGURE 1 - TYPICAL TV APPLICATION CIRCUIT 


ly 50 kn 

:005(iF y DC 


-±- 05 on 06 -i- 


VOLUME RS=7nviT<“l 

CONTROL 


SOUND 

TRANSFORMER 2 


T\ 0 01 pF 

l0O5pF DE EMPHASIS 


'LI >16mH NOMINAL, 

Q(UNL0ADED)>50 


Cl and L2 component values are to be _L 
selected at the discretion of the designer. 


39 49 99 109 130 <22k 


t-c ) MJE340 
TONE VV^OREQUIV 
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MAXIMUM RATINGS (T/\ = +25°C unless otherwise noted) 


Rating 

Value 

Unit 

Input Signal Voltage (Pins 1 and 2) 

±3.0 

Vdc 

Power Supply Current 

50 

mA 

Power Dissipation (Package Limitation) 



Plastic Packages 

625 

mW 

Derate above Ta = +25°C 

5.0 

mW/°C 

Operating Temperature Range (Ambient) 

-20 to +75 

°C 

Storage Temperature Range 

-65 to +150 

°c 


ELECTRICAL CHARACTERISTICS (Vcc “ 24 Vdc, T/\ = +25°C unless otherwise noted). 


Characteristic 

Pin 

Min 

Typ 

Max 

Unit 

Regulated Voltage 

5 

10.3 

11 

12.2 

Vdc 

DC Supply Current (V*" = 9 Vdc, R.q = 0) 

5 

10 

16 

24 

mA 

Quiescent Output Voltage 

12 

- 

5.1 

- 

Vdc 


DYNAMIC CHARACTERISTICS = 24 Vdc, = +25°C unless otherwise noted). 


IF AMPLIFIER AND DETECTOR 
fo = 4.5MHz. Af =.+.25kHz 


AM Rejection* (Vjn = 10 mV [rms]) 

40 

51 

- 

dB 

Input Limiting Threshold Voltage 

- 

200 

400 

/jV(rms) 

Recovered Audio Output Voltage (Vm = 10 mV[rmsl) 

05 

0.70 

- 

V(rms) 

Output Distortion (Vin = 10 mV [rms]) 

- 

0,4 

2.0 

% 


fo = 5.5MHz.Af=±50kHz 


AM Rejection* (Vjn = 10 mV (rms)) 

40 

53 

- 

dB 

Input Limiting Threshold Voltage 

- 

200 

400 

jiV(rms) 

Recovered Audio Output Voltage (Vin =10 mV [rms]) 

0.5 

091 

- 

V(rms) 

Output Distortion (Vin = 10 mV (rms)) 

- 

0.9 

- 

% 

Input Impedance Components (f = 4.5 MHz, measurement between pins 1 and 2) 





Parallel Input Resistance 

- 

17 

- 

kn 

Parallel Input Capacitance 

- 

4.0 

- 

pF 

Output Impedance Components (f = 4.5 MHz, measurement between pin 9 and GND) 





Parallel Output Resistance 

- 

3.25 

- 

kn 

Parallel Output Capacitance 

- 

3.6 

- 

pF 

Output Resistance, Detector 





Pin 7 

- 

7.5 

- 

kii 

Pin 8 

- 

250 

- 

n 


ATTENUATOR 


Volume Reduction Range (See Figures) 

(dc Volume Control = <») 

60 

- 

- 

dB 

Maximum Undesirable Signal (See Note 1) 

(dc Volume Control = oo) 

- 

0.07 

1.0 

mV 


AUDIO AMPLIFIER 


Voltage Gain 

(V,n = 0.1 V(rms), f = 400 Hz) 

17.5 

20 

- 

dB 

Total Harmonic Distortion 

- 

2.0 

- 

% 

(Vo = 2.0 V(rms),f = 400Hz) 





Output Voltage 

2.0 

3.0 

- 

V(rms) 

(THD = 5%, f = 400Hz) 





Input Resistance (f = 400 Hz) 

- 

70 

- 

kn 

Output Resistance (f = 400 Hz) 

- 

270 

- 

n 


*100% FM, 30% AM Modulation. 

Note 1. Undesirable signal is measured at pin 8 when volume control is set for minimum output. 
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TOTAL HARMONIC DISTORTION (%) AUDIO OUTPUT (mV) ^ AM REJECTION (dB) 


MC1358 


TYPICAL CHARACTERISTICS 

(Vcc “ 24 Vdc, T/\ = +25°C unless otherwise noted) 


(fo = 4.5 MHz) 


(fo = 5.5 MHz) 



0 05 0 1 0 2 0 5 1 0 2 0 5 0 10 20 50 



0 05 0 1 0 2 0 5 1 0 2.0 5 0 10 20 50 


INPUTVOLTAGE(mVlrmsl) 


INPUTVOLTAGE(mV(rmsl) 



0 05 0 1 0 2 0 5 1.0 2 0 5 0 10 20 50 

INPUTVOLTAGE(mVlrmsl) 


FIGURE 6 - IF AMPLIFIER AND DETECTOR THD 
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VOLTAGE GAIN (dB) ATTENUATION (dB) 


MC1358 


TYPICAL CHARACTERISTICS (continued) 



1.0 2 0 5 0 10 20 SO 100 200 500 1000 



005 01 02 05 10 2030 SO 


OC VOLUME CONTROL (k OHMS) 


OUTPUT VOLTAGE (VOLTS [rms]) 


FIGURE 10-IF FREQUENCY RESPONSE 


FIGURE 11 -IF FREQUENCY RESPONSE TEST CIRCUIT 




FREQUENCY (MHz) 


FIGURE 12 - AM REJECTION. DETECTED AUDIO. 
THD. ATTENUATION TEST CIRCUIT 


FIGURE 13-AUDIO VOLTAGE GAIN. 
AUDIO THD TEST CIRCUIT 
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ORDERING INFORMATION 


Device Temperature Range Package 


MC1364P 0°C to +75°C Plastic DIP 


MC1364 


TV AUTOMATIC 
FREQUENCY CONTROL 


AUTOMATIC 
FREQUENCY CONTROL 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


• High Gain Amplifier — 18 mV Input for Full Output 

• Direct Replacement for the CA3064 

• Also Available in the 14-Lead Dual In-Line Package 



FIGURE 1 - TYPICAL APPLICATION CIRCUIT 




FR0M3rd VIDEO IF 
AMPLIFIER 


1 6 3 




See page 3 of this specification for 
Coil Data (LI, L2. L3) 
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MAXIMUM RATINGS (T/^ =+25°C unless otherwise noted.) 


Rating 

MC1364P 

Unit 

Input Signal Voltage (Pin 12 to 14) 

+2 0,-10 

Vdc 

Output Collector Voltage (Pins 3 and 14) 

20 

Volts 

Power Dissipation (Package Limitation) 

625 

mW 

Derate above T/; = +25°C 

50 

mW/°C 

Operating Temperature Range 

0 to +75 

°C 

Storage Temperature Range 

-65 to +125 

°C 


ELECTRICAL CHARACTERISTICS (Vcc “ +30 Vdc, = +25°C, see Test Circuit of Figure 4 unless otherwise noted.) 


Characteristic 

Min 

Typ 

Max 

Unit 

Total Device Dissipation 

- 

140 

- 

mW 

Total Supply Current 

- 

12 

- 

mA 

Current Dram, Total 

(Reduce Vcc so tl’^t VI0 = 10 5 Vdc) 

40 

6 5 

9.5 

mA 

Zener Regulating Voltage 

109 

11 8 

12 8 

V 

Quiescent Current to Pin 3 

1.0 

2.0 

- rs - 

mA 

Quiescent Voltage at Pin 5 or Pm 8 

50 

66 

- o - 

- ^ - 

Qutput Q((set Voltage (Pin 5 to Pin 81 

-1.0 

0 

- TTC - 

-y- 


DESIGN PARAMETERS, TYPICAL VALUES (Vcc = +30 Vdc, Rs = 1.5 k, f = 45.75 MHz) 


Parameter 

Symbol 

Typ 

Unit 

Input Admittance 

V11 

04 +j1 

mmho 

Reverse Transfer Admittance 

V12 

0 + j34 

Mmho 

Forward Transfer Admittance 

y2i 

110 + )140 

mmhos 

Output Admittance (Pm 3) 

722 

0.02 + )1 

mmho 


TYPICAL CHARACTERISTICS 

(See Test Circuit of Figure 2) 


FIGURE 2 - TYPICAL NARROW BAND 
DYNAMIC CHARACTERISTICS 


FIGURE 3 - TYPICAL WIDE BAND 
DYNAMIC CHARACTERISTICS 



45.71 45 72 45 73 45 74 45 75 45 76 45 77 45 78 45 79 

INPUT FREQUENCY (MHz) 



43 75 44 75 45 75 46 75 47 75 


INPUT FREQUENCY (MHz) 
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MCI 364 


FIGURE 4 - TEST CIRCUIT 



COIL DATA FOR DISCRIMINATOR WINDINGS 
FOR FIGURES 1 AND 4 

LI — Discriminator Primary. 3-1/6turns; AWG #20 enamel-covered 
wire — close-wound, at bottom of coil form. Inductance of 
L1 = 0 165 mH; Qq = 120 at fo = 45 75 MHz. 

Start winding at Terminal #6, finish at Terminal #1 See 
Notes below. 

L2 — Tertiary Windings 2-1/6 turns; AWG #20 enamel-covered 
wire — close-wound over bottom end of LI. 

Start winding at Terminal #3, finish at Terminal #4 See 
Notes below. 

L3 — Discriminator Secondary 3-1/2 turns; AWG #20 enamel- 
covered wire, center-tapped, space wound at bottom of coil 
form 

Start winding at Terminal #2, finish at Terminal #5, connect 
center tap to Terminal #7. See Notes below. 

Notes 1. Coil Forms, Cylindrical,-0 30" Dia. Max. 

2 Tuning Core' 0.250” Dia. x 0.37" Length. 

Material Cardinal J or equivalent. 

3 Coil Form Base: See drawing below. 

4 End of coil nearest terminal board to be designated the 
winding start end. 

5. Mount the coils 3/4" apart, center to center. 


(Bottom view 
of coil form) 



FIGURE 5 - CIRCUIT SCHEMATIC 
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MAXIMUM RATINGS (T/^ = 25°C unless otherwise noted) 


Rating 


Supply Voltage 


Operating Ambient Temperature Range 


Storage Temperature Range 


Junction Temperature 


Power Dissipation, Package 
Derate above 25°C 


RECOMMENDED OPERATING CONDITIONS 


Supply Voltage 


Luma Input Voltage — Sync Tip 
Peak White 


Color Reference Voltage 


Color A, B Input Voltage Range 



ELECTRICAL CHARACTERISTICS i^cc ~ Vdc, T/\ = 25°C, Test Circuit 1 unless otherwise noted) 








Operating Supply Voltage 


Supply Current 


CHROMA OSCILLATOR/CLOCK DRIVER (Measured at Pin 1 unless otherwise noted) 


Output Voltage (Vql) 

(Vqh) 


Rise Time (VI = 0.4 to 2.4 Vdc) 


Fall Time (V1 = 2.4 to 0.4 Vdc) 


Duty Cycle Adjustment Range (V3 = 5.0 Vdc) 70 

(Measured at VI =1.4 V) 


Inherent Duty Cycle (No connection to Pin 3) 


CHROMA MODULATOR (V5 = V6 = V7 = 1 5 Vdc unless otherwise noted) 


Input Common Mode Voltage Range (Pins 5,6, 7) 


Oscillator Feedthrough (Measured at Pin 8) 


Modulation Angle [08(V7 = 2.0 Vdc) -08(V5 = 2.0 Vdc)l 


Conversion Gain (V8/(V7 - V6); V8/(V5 - V6)l 


Input Current (Pins 5, 6, 7) 


Input Resistance (Pins 5, 6, 7) 


Input Capacitance (Pins 5, 6, 7) 


Chroma Modulator Linearity 

(V5 = 1 0 to 2.0 V; V7 = 1.0 to 2.0 V) 


RF MODULATOR 


Luma Input Dynamic Range (Pin 9, Test Circuit 2) 


RF Output Voltage (f = 67.25 MHz, V9 = 1.0 V) 


Luma Conversion Gain 

(AV12/AV9; V9 = 0.1 to 1.0 Vdc) Test Circuit 2 


Chroma Conversion Gam 

(AV12/AV10; V10 = 1.5 Vp-p, V9 = 1.0 Vdc) Test Circuit 2 


Chroma Linearity (Pin 12, V10 = 1.5 Vp-p) Test Circuit 2 


Luma Linearity (Pin 12, V9 = 0 to 1.5 Vdc) Test Circuit 2 


Input Current (Pin 9) 


Input Resistance (Pin 10) 


Input Resistance (Pin 9) 


Input Capacitance (Pins 9,10) 


Residual 920 kHz (Measured at Pin 12) See Note 1 


Output Current (Pin 12, V9 = 0 V) Test Circuit 2 


TEMPERATURE CHARACTERISTICS (Vrc = 5 Vdc, Ta = 0 to 70°C, 1C only) 


Chroma Oscillator Deviation (fo = 3.579545 MHz) 


RF Oscillator Deviation (fn = 67.25 MHz) 


Clock Drive Duty Cycle Stability 


NOTE 1. V9 = 1.0 Vdc, Vq = 300 mV(p-p) @ 3.58 MHz, 

Vs = 250 mV(p-p) @ 4.5 MHz, Source Impedance = 75 n. 
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OPERATIONAL DESCRIPTION 
Pin 1 — Clock Output 

Provides a rectangular pulse output waveform with 
frequency equal to the chrominance subcarrier oscillator. 
This output is capable of driving one LS-TTL load. 

Pin 2 — Oscillator Input 

Color subcarrier oscillator feedback input. Signal from 
the clock output is externally phase shifted and ac cou¬ 
pled to this pin. 

Pin 3 — Duty Cycle Adjust 

A dc voltage applied to this pin adjusts the duty cycle 
of the clock output signal. If the pin is left unconnected, 
the duty cycle is approximately 50%. 

Pin 4 — Ground 

Pin 5 — Color B Input 

Dc coupled input to Chroma Modulator B, whose 
phase leads modulator A by approximately 100°. The 
modulator output amplitude and polarity correspond to 
the voltage difference between this pin and the Color 
Reference Voltage at Pin 6. 

Pin 6 — Color Reference Input 

The dc voltage applied to this pin establishes the 
reference voltage to which Color A and Color B inputs 
are compared. 

Pin 7 — Color A Input 

Dc coupled input to Chroma Modulator A, whose 
phase lags modulator B by approximately 100°. The 
modulator output amplitude and polarity correspond to 
the voltage difference between this pin and the Color 
Reference Voltage at Pin 6. 

Pin 8 — Chroma Modulator Output 

Low impedance (emitter follower) output which 
provides the vectorial sum of chroma modulators A 
and B. 

Pin 9 — Luminance Input 

Input to RF modulator. This pin accepts a dc coupled 
luminance and sync signal. The amplitude of the RF signal 
output increases with positive voltage applied to the pin, 
and ground potential results in zero output (i.e., 100% 
modulation). A signal with positive-going sync should 
be used. 

Pin 10 — Chrominance Input 

Input tothe RF modulator. This pin accepts ac coupled 
chrominance provided by the Chroma Modulator Output 
(pin 8). The signal is reduced by an internal resistor divider 
before being applied to the RF modulator. The resistor 
divider consists of a 300 ohm series resistor and a 500 
ohm shunt resistor. Additional gain reduction may be 
obtained by the addition of external series resistance 
to pin 10. 


Pin11-Vcc 

Positive supply voltage 

Pin 12 — RF Modulator Output 

Common collector of output modulator stage. Output 
impedance and stage gain may be selected by choice of 
resistor connected between this pin and dc supply. 

Pins 13 and 14 — RF Tank 

A tuned circuit connected between these pins deter¬ 
mines the RF oscillator frequency. The tuned circuit must 
provide a low dc resistance shunt. Applying a dc offset 
voltage between these pins results in baseband composite 
video at the RF Modulator Output. 

MC1372 CIRCUIT DESCRIPTION 

The chrominance oscillator and clock driver consist of 
emitter follower Q4 and inverting amplifier Q5. Signal 
presented at clock driver output pin 1 is coupled to 
oscillator input pin 2 through an external RC and crystal 
network, which provides 180° phase shift at the resonant 
frequency. The duty cycle of the output waveform is 
determined by the dc component at pin 1 internally 
coupled through R12 to the base of Q4. As pin 1 dc 
voltage increases, a smaller portion of the sinusoidal 
feedback signal at pin 2 exceeds the Q4 base voltage of 
two times VbE required for conduction. As the dc level 
is reduced, device Q4 and thus Q5 is turned on for a 
longer percentage of the cycle. Transistors QO, 01, 
Q2 and diode D1 provide the biasing network which 
determines the dc operating level of the oscillator. The 
transistor Q2 and resistors R5, R6, and R7 form a voltage 
reference of four times Vbe at the collector of Q2. The 
dc voltage at pin 1 is determined by the values of R4, 
R8, and R12 and the applied duty cycle adjust voltage 
at pin 3. Since these resistors are nominally equal, the 
voltage at pin 1 will always approximate the dc voltage 
at pin 3. 

The oscillator signal at pin 1 is internally coupled to 
active filter Q44. This filter reduces the frequency content 
above 4 MHz. The output of the filter at the emitter of 
Q44 is ac coupled through C3 to the input of the lead/lag 
network. R32 and Cl provide approximately 50° of phase 
lag, while C2 and R29 provide approximately 50° of 
phase lead. These two quasi-quadrature waveforms are 
used to switch chroma modulators B and A, respectively. 
The transistors Q22 through Q25 and Q32-Q33 form 
a doubly balanced modulator. The input signal applied 
at pin 5 is compared to the color dc reference voltage 
applied at pin 6 in differential amplifier Q32-Q33. The 
source current provided by transistor Q34 is partitioned 
in transistors Q32 and Q33 according to the differential 
input signal. The bases of transistors Q23 and Q24 are 
connected to the dc reference voltage at the emitter of 
030. The bases of transistors Q22 and Q25 are connected 
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to the phase delayed oscillator signal at the emitter of 
buffer transistor Q21. The differential signal currents 
provided by Q32 and Q33 are switched in transistors 
Q22 through Q25 and the resultant signal voltage is 
developed across R49. This signal has the phase and 
frequency of the oscillator signal at the emitter of Q21. 
The amplitude is proportional to the differential input 
signal applied between pins 5 and 6. Transistors Q26 
through Q29 and Q38-Q39 form chroma modulator B. 
This modulator develops a signal voltage which is propor¬ 
tional to the differential voltage applied between pins 
7 and 6. The phase and frequency of the output is equal 
to the phase advanced chroma oscillator at the emitter 
of buffer transistor Q20. Both chroma modulators A and 
B share the same output resistor, R49, so the output 
signal presented at the emitter of Q42 (pin 8) is the 
algebraic sum of modulators A and B. 

The RF oscillator consists of differential amplifier 
Q18 and Q19 cross-coupled through emitter followers 
Q16 and Q17. The oscillator will operate at the parallel 
resonant frequency of the network connected between 
pins 13 and 14. The oscillator output is used to switch 
the doubly balanced RF modulator, Q9 through Q15. 
Transistors Q7 and Q9 provide level shifting and a high 
input impedance to the luminance input pin 9. The 
bases of transistors Q9 and Q10 are both biased through 
resistors R17 and R18, respectively, to the same dc 
reference voltage at Q6 emitter. The base voltage at Q10 
may only be offset in a negative direction by luminance 
signal current source Q8. This design insures that over¬ 
modulation due to the luminance signal will never occur. 
The chrominance signal developed at pin 8 is externally 
ac coupled to pin 10 where it is reduced by resistor 
dividers R20 and R17, and added to the luminance 
signal in Q9. The resultant differential composite video 
currents are switched at the appropriate RF frequency 
in Q12 through Q15. The output signal current is presented 
at pin 12. 

Transistors Q36, Q41 and resistors R44, R47 provide 
a highly stable voltage reference for biasing current sources 
Q43, Q34, Q35, and Q11. 

MC1372 APPLICATION INFORMATION 
Chrominance Oscillator 

The oscillator is used as a clock signal for driving 
associated external circuitry, in addition to providing a 
switching signal for the chroma modulators. The 1C uses 
an external crystal in a Colpitts configuration, as shown 
in Figure 5. Resistor R1 provides current limiting to 
reduce the signal swing. Capacitor C2 is adjusted for 
the exact frequency desired (3.579545 MHz). 

In some applications, the duty cycle of the clock signal 
at pin 1 must be modified to overcome gate delays in 


associated equipment. The duty cycle may be adjusted 
by varying the dc voltage applied to pin 3. This adjust¬ 
ment may be made with the use of a potentiometer 
(10 k£2) between supply and ground. With no connection 
to pin 3, the duty cycle is approximately 50%. 

Chroma Modulator 

The chrominance oscillator is internally phase shifted 
and applied to chroma modulators A and B. No external 
lead/lag networks are necessary. The phase relationship 
between the modulators is approximately 100°, which 
was chosen to provide the best rendition of colors using 
equal amplitude color-difference signals. The voltage 
applied to pin 5, 6, or 7 must always be within the Input 
Common Mode Voltage Range. Since the amplitude of 
chrominance output is proportional to the voltage dif¬ 
ference between pins 5 and 6 or 7 and 6, it is desirable 
to select the Color Reference Voltage applied to pin 6 to 
be midway between V5max and VB^in (which should 
be V7max and V7min)- The Chroma B Modulator will be 
defined as a (B-Y) modulator if a burst flag signal is 
applied to the Color B Input (pm 5) at the appropriate 
time. This voltage should be negative with respect to the 
Color Reference Voltage, and typically has an amplitude 
equal to 1/2[V6-V5min] • Since the phase of burst is 
always defined as -(B-Y), the Chroma A Modulator 
approximates an (R-Y) modulator; however, the phase 
is offset by 10° from the nominal 90°, to provide the 
100° phase shift as discussed previously. 

RF Modulator and Oscillator 

The coil and capacitor connected between pins 13 and 
14 should be selected to have a parallel resonance at the 
carrier frequency of the desired TV channel. The values 
of 56 pF and 0.1 juH shown in Figure 5 were chosen 
for a Channel 4 carrier frequency of 67.25 MHz. For 
Channel 3 operation, the resonant frequency should 
be 61.25 MHz (C = 75 pF, L = 0.1 pH). Resistors R4 and 
R5 are chosen to provide an adequate amplitude of 
switching voltage, whereas R6 is used to lower the maxi¬ 
mum dc level of switching voltage below Vcc< 
preventing saturation within the 1C. 

Composite Luminance and Sync should be decoupled 
to Luminance Input, pin 9. This signal must be within 
the Luma Input Dynamic Range to insure linearity. 
Since an increase in dc voltage applied to pin 9 results 
in an increase in RF output, the input signal should 
have positive-going sync to generate an NTSC compatible 
signal. As long as the input signal is positive, over¬ 
modulation is prevented by the integrated circuit. 

Chrominance information should be ac coupled to 
Chrominance Input, pin 10. This pin is internally con¬ 
nected to a resistor divider consisting of a series 300 
ohms and a shunt 500 ohms resistor. The input impedance 
is thus 800 ohms, and a coupling capacitor should be 
appropriately chosen. 
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FIGURE 5 - TYPICAL APPLICATION CIRCUIT 



The Luminance to Chrominance ratio (L;C) may be 
modified with the addition of an external resistor in series 
with pin 10 (as shown in Figure 5). The unmodified L:C 
(Aq) is determined by the ratio of the respective Conver¬ 
sion Gain for equal amplitude signals (typically, 0.883 = 
-1.6 dB). The modified L:C will be governed by the 
equation Ao(1 + Rext^SOO) for equal amplitude input 
signals. 

The internal chrominance modulators are not inter¬ 
nally connected to the RF modulator; therefore, the user 
has the option of connecting an externally generated 
chrominance signal to the RF modulator. In addition, 
the RF modulator is wideband, and a 4.5 MHz FM audio 
signal may be added to the chrominance input at pin 10. 
This may be accomplished by selecting an appropriate series 
input resistor to provide the correct Luminance;Sound 
ratio. 

The modulated RF signal is presented as a current 
at RF Modulator Output, pin 12. Since this pin represents 
a current source, any load impedance may be selected for 
matching purposes and gain selection, as long as the vol¬ 


tage at pin 12 is high enough to prevent the output 
devices from reaching saturation (approximately 4.5 V 
with components in Figure 5). The peak current out of 
pin 12 is typically 2 mA. Hence, a load resistance of up 
to 250 ohms may be safely used with a 5 V supply. 

Composite Video Signal Generation 

The RF modualtor may be easily used as a composite 
video generator by replacing the RF oscillator tank 
circuit with a diode as shown in Figure 3. This results in 
the output modulator being biased so the summation of 
luminance and chrominance appears unswitched at 
pin 12. The polarity of the output waveform is con¬ 
trolled by the direction of the diode. Inverted video: 
Anode to pin 14, cathode to pin 13. Non-inverted 
video: Anode to pin 13, cathode to pin 14. Note that the 
supply resistor must always be connected to the anode 
of the diode. 

The amplitude of signal may be increased by increasing 
the load resistor on pin 12 and returning it to a higher 
supply voltage. Any voltage up to the Absolute Maximum 
Rating may be used. 
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Applications with MC6847 Video Display Generator 
The MC1372 may be easily interfaced to the IVIC6847 
as shown in Figure 5. The dc levels generated and required 
by the VDG are compatible with the MC1372, so that 
pins 1, 5, 6, 7, and 9 may be directly coupled to the 
appropriate MC6847 pins. Both integrated circuits as 
well as any associated NMOS MPU may be driven from 
a common 5 Vdc supply. 

Recommended Chroma-Luma Signals 

A chroma modulation angle of 100° was chosen to 
facilitate a desirable selection of colors with a minimum 
number of input signal levels. The following table demon¬ 
strates applicable signal levels for a variety of colors. 


RECOMMENDED CHROMA-LUMA SIGNALS 



Pin #9 

Pin #7 

Pm #6 

Pin #5 


Luminance 





Input 

Color A 

Color Ref. 

Color B 


(Vdc) 

(Vdc) 

(Vdc) 

(Vdc) 

Sync 

1.0 

1.5 

1.5 

1.5 

Blanking 

0.75 

1.5 

1.5 

1.5 

Burst 

0.75 

1.5 

1.5 

1.25 

Black 

0.70 

1.5 

1.5 

1.5 

Green 

0.50 

1.0 

1.5 

1.0 

Yellow 

0 38 

1.5 

1.5 

1.0 

Blue 

0.62 

1 5 

1.5 

2.0 

Red 

0.62 

2.0 

1.5 

1.5 

Cyan 

0.50 

1.0 

1.5 

1.5 

Magenta 

0.50 

2.0 

1.5 

2.0 

Orange 

0.50 

2 0 

1.5 

1.0 

Buff 

0.38 

1 5 

1.5 

1.5 
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Advstnce Ii:ifonna.tio]:i 


TV VIDEO MODULATOR 

...an RF oscillator and dual-input modulator to generate a TV 
signal from baseband video inputs. 

Applications include video games, home computer display, video 
tape recorders, and test equipment. 

The very low level of intermodulation products, compact package 
and small external component count make this device superior to 
simple discrete circuits. 

• Single 5.0 Vdc Supply 

• Channel 3 or 4 Operation 

• Excellent Oscillator Stability to 100 MHz 

• Color and Sound Compatibility 

• Dual Input Modulator for Ease of Signal 

• Low Intermodulation (-50 dB 920 kHz Beat) 

• Overmodulation Protection 


0.35 V 
0 V — 




Composite 
Video Input ^ 


Sound/Chroma 


- 



FIGURE 1 - BLOCK DIAGRAM AND APPLICATION CIRCUIT 


This IS advance information and specifications are subject to change without notice. 
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MAXIMUM RATINGS (T/^ “ 25°C unless otherwise r>oted) 


Rating 

Value 

Unit 

Supply Voltage 

8.0 

Vdc 

Operating Ambient Temperature Range 

0 to +70 

°C 

Storage Temperature Range 

—65 to +150 

°C 

Junction Temperature 

150 

°C 

Power Dissipation, Package 

1.25 

Watts 

Derate above 25°C 

13 

mW/°C 


RECOMMENDED OPERATING CONDITIONS 


Supply Voltage 

5.0 

Vdc 

Luma Input Voltage — Sync Tip 

Peak White 

1.0 

0.35 

Vdc 


ELECTRICAL CHARACTERISTICS i'^cc ~ "'■S vdc, T/\ = 25°C, Test Circuit 1 unless otherwise noted) 



Characteristic 


Operating Supply Voltage 


Supply Current 


RFMODULATOR 


Luma Input Dynamic Range (Pin 4, Test Circuit 2) 


RF Output Voltage (f = 67.25 MHz, V4 = 1.0 V) 


Luma Conversion Gain 

(AV7/AV4, V4 = 0.1 to 1 0 Vdc) Test Circuit 2 


Chroma Conversion Gain 

(AV7/AV5;V5= 1.5 Vp-p;V4 = 1 0 Vdc) Test Circuit 2 


Chroma Linearity (Pin 7, V5 = 1.5 Vp-p) Test Circuit 2 


Luma Linearity (Pin 7, V4 = 0 to 1 5 Vdc) Test Circuit 2 


Input Current (Pin 4) 


Input Resistance (Pm 5) 


Input Resistance (Pin 4) 


Input Capacitance (Pins 4, 5) 


Residual 920 kHz (Measured at Pin 7) See>Note 1 


Output Current (Pin 7, V4 = 0 V) Test Circuit 2 


TEMPERATURE CHARACTERISTICS (V 


RF Oscillator Deviation (fg = 67.25 MHz) 


NOTE 1. RF Reference Level = 6.0 mV Pin 7 Load Impedance = 75 17. 
RF + 4.5MHz = -13dB. 

RF + 3.58 MHz = -20 dB. 

FIGURE 2 - TEST CIRCUIT 1 


240 > 0 01 pF 

"oTph' ' 

l^56pF ' RF C 

il NC I- 


Typ 

Max 

Unit 

5.0 

5.25 

Volts 




FIGURE 3 - TEST CIRCUIT 2 


RF Output ^240 




Video Output 
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FIGURE 4 - SCHEMATIC DIAGRAM 


Luma Chrominance RF Modulator RF 


Input Input 


Output Tank 




SCHEMATIC DESCRIPTION 

The RF oscillator consists of differential amplifier 
Q13 and Q14 cross-coupled through emitter followers 
Q11 and Q12. The oscillator will operate at the parallel 
resonant frequency of the network connected between 
pins 1 and 2. The oscillator output is used to switch the 
doubly balanced RF modulator, Q4 through Q10. Tran¬ 
sistors Q2 and Q3 provide level shifting and a high input 
impedance to the luminance input pin 4. The bases of 
transistors Q4 and Q5 are both biased through resistors 
R4 and R5, respectively, to the same dc reference voltage 
at Q1 emitter. The base voltage at Q5 may only be offset 
in a negative direction by luminance signal current source 
Q3. This design insures that overmodulation due to the 
luminance signal will never occur. The chrominance signal 
is externally ac coupled to pin 5 where it is reduced by 
resistor dividers R7 and R4, and added to the luminance 
signal in Q4. The resultant differential composite video 
currents are switched at the appropriate RF frequency in 
Q7 through Q10. The output signal current is presented 
at pin 7. 

Transistors Q15, Q16 and resistors R15, R16 provide 
a highly stable voltage reference for biasing the current 
source Q6. 

OPERATIONAL DESCRIPTION 

Pins 1 and 2 — RF Tank. A tuned circuit connected 
between these pins determines the RF oscillator 
frequency. The tuned circuit must provide a low dc 
resistance shunt. Applying a dc offset voltage between 
these pins results in baseband composite video at the 
RF Modulator Output. 

Pin 3 — Ground. 

Pin 4 — Luminance Input. Input to RF modulator. 
This pin accepts a dc coupled luminance and sync signal. 
The amplitude of the RF signal output increases with 
positive voltage applied to the pin, and ground potential 
results in zero output (i.e., 100% modulation). A signal 
with positive-going sync should be used. 

Pin 5 — Chrominance/Sound Input. Input to the RF 
modulator. This pin accepts an ac coupled chrominance 
signal. The signal is reduced by an internal resistor divider 
before being applied to the RF modulator. The resistor 


divider consists of a 300 ohm series resistor and a 500 
ohm shunt resistor. A 4.5 MHz FM audio signal may be 
added to the input by selecting an appropriate series 
input resistor to provide the correct Luminance:Sound 
ratio. 

Pin 6 — Vcc- Positive supply voltage. 

Pin 7 — RF Modulator Output. Common collector of' 
output modulator stage. Output impedance and stage gain 
may be selected by choice of resistor connected between 
this pin and dc supply. 

Pin 8 — No Connection. 

APPLICATIONS INFORMATION (Refer to Figure 1) 

RF Modulator and Oscillator 

The coil and capacitor connected between pins 1 and 2 
should be selected to have a parallel resonance at the 
carrier frequency of the desired TV channel. The values 
of 56 pF and 0.1 juH shown in Figure 1 were chosen for 
a Channel 4 carrier frequency of 67.25 MHz. For Channel 
3 operation, the resonant frequency should be 61.25 MHz 
(C = 75 pF, L = 0.1 juH). Resistors R2 and R3 are chosen 
to provide an adequate amplitude of switching voltage, 
whereas R4 is used to lower the maximum dc level of 
switching voltage below Vcc. thus preventing saturation 
within the 1C. 

Composite Luminance and Sync should be dc coupled 
to Luminance Input, pin 4. This signal must be within the 
Luma Input Dynamic Range to insure linearity. Since an 
increase in dc voltage applied to pin 4 results in an in¬ 
crease in RF output, the input signal should have positive¬ 
going sync to generate an NTSC compatible signal. As 
long as the input signal is positive, overmodulation is 
prevented by the integrated circuit. 

Chrominance information should be ac coupled to 
Chrominance Input, pin 5. This pin is internally con¬ 
nected to a resistor divider consisting of a series 300 ohms 
and a shunt 500 ohms resistor. The input impedance is 
thus 800 ohms, and a coupling capacitor should be 
appropriately chosen. 
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ORDERING INFORMATION 


MCI 391P 
MC1394P 


Temperature Range 


0°C to +75°C 
0°C to +75°C 


Package 


Plastic DIP 
Plastic DIP 


MC1391P 

MC1394P 


TV HORIZONTAL PROCESSOR 


. . . low-level horizontal sections including phase detector, oscillator 
and pre-driver — a device designed for use in all types of television 


Internal Shunt Regulator 
Preset Hold Control Capability 
±300 Hz Typical Pull-In 
Linear Balanced Phase Detector 

Variable Output Duty Cycle for Driving Tube or Transistor 

Low Thermal Frequency Drift 

Small Static Phase Error 

Adjustable dc Loop Gain 

I\/1C1391P — Positive Flyback Inputs 

MC1394P— Negative Flyback Inputs 


TV HORIZONTAL 
PROCESSOR 

MONOLITHIC SILICON 
INTEGRATED CIRCUIT 



FIGURE 1 - TYPICAL APPLICATION CIRCUIT 


^A 1+ Bq > 
lOOjiF^k 2 7k> f’C 







* MCI 394P designed to accept 
reverse polarity sawtooth at ~ 

Pin 4 if sync pulse not derived 
from MJ105 collector. 


• = 6 8 k per 100 V of flyback amplitude 

-20 V Sync 

This circuit has an oscillator pull-in range of ±300 Hz. a noise bandwidth 
of 320 Hz. and a damping factor of 0.8. 
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IVIC1391P, MC1394P 


MAXIMUM RATINGS (T^ = +25°C unless otherwise noted.) 


Rating 

Value 

Unit 

Supply Current 

40 

mAdc 

Output Voltage 

40 

Vdc 

Output Current 

30 

mAdc 

Sync Input Voltage (Pin 3) 

5.0 

'^(p-p) 

Flyback Input Voltage (Pin 4) 

5.0 

''(p-p) 

Power Dissipation (Package Limitation) 



Plastic Package 

625 

mW 

Derate above Ta = +25°C 

5.0 

mW/°C 

Operating Temperature Range (Ambient) 

0 to +75 

°C 

Storage Temperature Range 

-65 to +150 

°C 


ELECTRICAL CHARACTERISTICS (T^ = +25°C unless otherwise noted.) (See Test Circuit of Figure 2, all switches in position 1.) 


Characteristic 

Min 

Typ 

Max 

Unit 

Regulated Voltage (Pin 6) 

8.0 

8.6 

9.0 

Vdc 

Supply Current (Pin 61 

- 

20 

- 

mAdc 

Collector-Emitter Saturation Voltage (Output Transistor 

Qt in Figure 6) 

(IC = 20 mA, Pin 1) Vdc 


0.15 

0.25 

Vdc 

Voltage (Pin 4) 

- 

2.0 

- 

Vdc 

Oscillator Pull-in Range (Adjust Rh in Figure 2) 

- 

±300 

- 

Hz 

Oscillator Hold-in Range (Adjust Rh in Figure 2) 

- 

+900 

- 

Hz 

Static Phase Error 
(Af = 300 Hz) 

_ 

05 

_ 

PS 

Free-running Frequency Supply Dependance 
(SI in position 2) 

_ 

±3.0 

_ 

Hz/Vdc 

Phase Detector Leakage (Pin 5) 

(All switches in position 2) 

_ 

_ 

±1.0 

pA 

Sync Input Voltage (Pin 3) 

2.0 

- 

5.0 

V(p-p) 

Sawtooth Input Voltage (Pin 4) 

1.0 

- 

3.0 

V(p-p) 









































































MCI391P, MC1394P 


TYPICAL CHARACTERISTICS 

(T^ = +25°C unless otherwise noted.) 


FIGURE 2 - TEST CIRCUIT 



Vcc+30V (See Figure 5) • Use-50 V for MCI 394P 


FIGURE 3 - FREQUENCY versus TEMPERATURE 



0 10 20 30 40 50 60 70 80 

AMBIENTTEMPERATURE (<>0 


FIGURE 4 - FREQUENCY DRIFT versus WARM UP TIME 


FIGURE 5 - MARK-SPACE RATIO 



















MC1391P, MC1394P 


FIGURE 6 - CIRCUIT SCHEMATIC 




CIRCUIT OPERATION 


The MC1391P and MC1394P contain the oscillator, phase de¬ 
tector and predriver sections needed for a television horizontal 
APC loop. 

The oscillator is an RC type with one pin (Pin 7) used to con¬ 
trol the timing The basic operation can be explained easily. If 
it IS assumed that Q7 is initially off, then the capacitor connected 
from Pm 7 to ground will be charged by an external resistor (Rc) 
connected to Pin 6 As soon as the voltage at Pin 7 exceeds the 
potential set at the base of Q8 by resistors R8 and RIO, Q7 will 
turn on and Q6 will supply base current to Q5 and QIO. Transistor 
Q10 will set a new, lower potential at the base of Q8 determined 
by R8, R9 and RIO. Then, transistor Q5 will discharge the 
capacitor through R4 until the base bias of Q7 falls below that 
of Q8, at which time Q7 will turn off and the cycle repeats. 

The sawtooth generated at the base of Q4 will appear across 
R3 and turn off Q3 whenever it exceeds the bias set on Pm 8. 
By adjusting the potential at Pin 8, the duty cycle (MSR) at the 
predriver output pin (Pin 1) can be changed to accommodate either 


tube or transistor horizontal output stages 

The phase detector is isolated from the remainder of the circuit 
by R14 and Z2. The phase detector consists of the comparator 
Q15, Q16 and the gated current source Q17. Negative going sync 
pulses at Pin 3 turn off Q12 and the current division between 
Q15 and Q16 will be determined by the phase relationship of the 
sync and the sawtooth waveform at Pin 4, which is derived from 
the horizontal flyback pulse If there is no phase difference be¬ 
tween the sync and sawtooth, equal currents will flow in the 
collectors of Q15 and Q16 each for half the sync pulse period 
The current in Q15 is turned around by Q18 so that there is no 
net output current at Pin 5 for balanced conditions. When a phase 
offset occurs, current will flow either in or out of Pin 5 This 
pin IS connected via an external low-pass filter to Pin 7, thus 
controlling the oscillator. 

Shunt regulation for the circuit is obtained with a zero temp¬ 
erature coefficient from the series combination of D1, D2 and Z1 
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MC1391P, MC1394P 


APPLICATION INFORMATION 


Although it is an integrated circuit, the MCI 391P and MC1394P 
have all the flexibility of a conventional discrete component 
horizontal APC loop. 

The internal temperature compensated voltage regulator allows 
a wide supply voltage variation to be tolerated, enabling operation 
from nonregulated power supplies. A minimum value for suoply 
current into Pin 6 to maintain zener regulation is about 18 mA. 
Allowing 2mA for the external dividers 

□ □ '^nonreg(min) "8.8 

Ra + Rb =-=5- 

20 X 10-3 

Components Ra. Rb ^A ste used for ripple rejection. If 
the supply voltage ripple is expected to be less than 100 mV (for 
a 30 Volt supply) then Ra and Rg can be combined and Ca 
omitted. 

The output pulse width can be varied from 6 ps to 48 ps by 
changing the voltage at Pin 8 (see Figure 5). However, care 
should be taken to keep the lead lengths to Pin 8 as short as possi¬ 
ble to prevent ringing which can result in erroneous output pulses 
at Pin 1. The parallel impedance of Rq and Rg should be close 
to 1 kn to ensure stable pulse widths. 

For 15mA drive at saturation 

□ _ ^nonreg ~ 8-8 

^ 15 X10-3 

The oscillator free-running frequency is set by Rc and Cg 
connected to Pin 7. For values of Rc^^^discharge 
6), a useful approximation for the free-running frequency is 

1 

fo -- 

O.SRcCg 

Proper choice of Rq and Cg will give a wide range of oscillator 
frequencies — operation at 31.5 kHz for count-down circuits is 
possible for example. As long as the product RcCb^ 10”^ many 
combinations of values of Rq and Cg will satisfy the free-running 
frequency requirement of 15 734 kHz However, the sensitivity 
of the oscillator ((3) to control-current from the phase dei-jctor 
IS directly dependent on the magnitude of Rc, and this provides a 


convenient method of adjusting the dc loop gain (fc). 

For a given phase detector sensitivity (p) = 1.60 x 10"^ A/rad 


fc = p/3 and /3 = 3.15 x Rq Hz/mA 


Increasing Rq will raise the dc loop gain and reduce the static 
phase error (S.P.E.) for a given frequency offset. Secondary effects 
are to increase the natural resonant frequency of the loop (p>n) 
and give a wider pull-in range from an out-of-lock condition. The 
loop will also tend to be underdamped with fast pull-in times, 
producing good airplane flutter performance. However, as the 
loop becomes rrK>re underdamped impulse noise can cause shock 
excitation of the loop. Unlimited increase in the dc loop gain will 
also raise the noise bandwidth excessively causing horizontal jitter 
with thermal noise. Once the dc loop gain has been selected for 
adequate S.P.E. performance, the loop filter can be used to produce 
the balance between other desirable characteristics. Damping of 
the loop is achieved most directly by changing the resistor R^ 
with respect to Ry which modifies the ac/dc gain ratio (m) of 
the loop. Lowering this ratio will reduce the pull-in range and 
noise bandwidth (fnn). (Note, very large values of Ry will limit 
the control capability of the phase detector with a corresponding 
reduction in hold-in range). 

Static phasing can be adjusted simply by adding a small resistor 
between the flyback pulse integrating capacitor and ground. Tl'ie 
sync coupling capacitor should not be too small or it can charge 
during the vertical pulse and this may result in picture bends at 
the top of the CRT 
NOTE. 

In adjusting the loop parameters, the following equations may 
prove useful. 

- 1 -fX^Tcoc 



(1 +X)T 


= 2 rr fc 
T=Rv Cc 




where: 

K = loop damping coefficient 
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TV VERTICAL PROCESSOR 


... designed for universal use in black and white as well as large- 
screen color television receivers. 


• Injection Locked Oscillator 

• Greater Than 12 Hz Injection 

• Low Thermal Drift 

• Eliminates Centering Control 

• Independent Vertical Hold and Size Controls 

• Scan Current Independent of Yoke Variations 

• Retrace Pulse for Effective Blanking 

• Linear Sawtooth Amplification 


TV VERTICAL 
PROCESSOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



ORDERING INFORMATION 


Device I Temperature Range 


0to■^70°C 


“V” 6V—1( 


156 612 130 140 09 


0.001 

0.1 MF -Jr 



680 k 750 k 
Height 
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MC1393A 


MAXIMUM RATINGS (T^ = +25°C unless otherwise noted) 


Rating 

Value 

Unit 

Power Supply Voltage 

30 

Vdc 

Junction Temperature 

150 

°C 

Operating Ambient Temperature Range 

0 to ■•■70 

°C 

Storage Temperature Range 

-65 to -USO 

°C 


ELECTRICAL CHARACTERISTICS (Vcc = +25 V, Ta " +25°C) (Figure 1) 


Characteristic 

Typ 

Unit 

Supply Drain! 11 

525 

mAdc 

Oscillator Frequency (Pin 161 

60 

Hz 

Oscillator Supply Sensitivity 

0.3 

Hz/V 

Oscillator Drift 

130 

PPM/°C 

Oscillator Injection (Pull-In) 

12 

Hz 

Driver Input Sawtooth Amplitude (Pin 2) 

3.0 

'/(p-p) 

Output Current (Yoke) 

3.0 

^(p-p) 

Scan Non-Linearity 

8.0 

% 


Note 1; Total Current Includes Current in Circuit External to the 1C. 


CIRCUIT DESCRIPTION 


Oscillator 

The oscillator employs two differential amplifiers (Q1, 
Q2, and Q7, Q8). A capacitor at Pin 16 is charged by a 
current source Q6 until it reaches a voltage that turns on 
Q1. Q7 is turned on by Q1 providing a discharge path for 
the voltage stored at Pin 16. Q12 is on during the same 
period as Q1, and provides a discharge path for a ramp 
generated at Pin 2. Q1 stays on until the capacitor voltage 
is discharged to a level that turns Q7 off. A negative sync 
pulse at Pin 1 turns Q10 on and increases the oscillator 
frequency by lowering the Q1 switching voltage. 

Complementary Driver 

A sawtooth generated at Pin 2 is level shifted to the 
driver inputs Q24 and Q27. Q17 and an NPN output tran¬ 
sistor at Pin 6 are a current driver function for one-half 


of the output. Q20 acts as a current amplifier providing 
base current for the NPN output transistor. The current 
gain between Q20 and the output transistor is inversely 
proportional to the resistance ratio of R37 and the output 
emitter resistor. 1.0 mA of current through R37 will pro¬ 
duce 1.0 A through a 1.0 ohm output-emitter resistor, 
thus providing a gain of 1000. Q20, Q31 and a PNP out¬ 
put transistor at Pin 10 are a second current driver func¬ 
tion, making up the other half of the complementary 
output. Q35 provides base current for the output. The 
maximum amount of base current drive is determined by 
the current in the voltage divider on Pins 7 and 11. Pin 3 
is a return path for the dc and provides for automatic 
centering. Pin 8 is the collector output of Q18 providing 
a positive blanking pulse. 
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F=IGURE 2-CIRCUIT SCHEMATIC 
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ORDERING INFORMATION 


MC1398P 


Temperature Range 


-ao^c to 4-75‘’C 


Package 


Plastic DIP 


MC1398 


TV COLOR PROCESSING CIRCUIT 


... a chroma IF amplifier with automatic chroma control, color killer, 
dc chroma control, and injection lock reference system followed by 
dc hue control. 

MC1398P is a monolithic device designed for use in solid-state 
color television receivers. 


• Minimum Number of External Components 

• DC Control of Both Chroma Amplitude and Hue Shift 

• Crystal-Controlled Internal Feedback Oscillator 

• Built-in Noise Immunity 

• Schmitt Trigger Color Killer 

• Automatic Chroma Control 

• Internal Burst Gate and Gate Pulse Shaping Circuit 

• High Oscillator Lock-in Sensitivity 

• Built-in Supply Regulation 


TV COLOR PROCESSING 
CIRCUIT 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



FIGURE 1 - TYPICAL CHROMA APPLICATIONS CIRCUIT 
(MC1398P. MC1326 and MPSUIO) 



CHflOMA INPUT ^20 pF 

33 pf 

>—-T-1 
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MAXIMUM RATINGS (T/^ = +25°C unless otherwise noted) 


Rating 

Value 

Unit 

Power Supply Current 

35 

mAdc 

Horizontal Pulse Input Current 

250 

mA Peak 

Power Dissipation (package limitation) 

625 

mW 

Derate above T/^ = +25°C 

50 

mW/°C 

Operating Temperature Range (Ambient) 

-20 to +75 

“C 

Storage Temperature Range 

-65 to +150 

"C 


E LECTRICAL CHARACTERISTICS (Vqc = +20 Vdc, 0$ = 390 ohms, T/^ = +25°C unless otherwise noted ) 


Characteristic 

Mm 

Typ 

Max 

Unit 

Regulated Voltage (Is = 35 mA) 

9.0 

9 6 

11 5 

Vdc 

(Is = 27 mA) 

- 

9.2 

- 


Maximum Undistorted Chroma Output, See Note 1,E(pin 3 ) = E(pin 14 ) 

08 

1.75 

- 

V(p-p) 

Maximum Chroma Gam 

34 

40 

- 

dB 

^(pm 3) = E(pin 14 ), See Note 1 





Automatic Chroma Control Range (ACC) 

- 

19 

- 

dB 

-3 0 dB down from maximum undistorted output ,see Note 1 





Chroma Burst Level to Kill, See Note 1 

- 

1 4 

- 

mV(p-p) 

Manual Chroma Gam Control Range 
('''/(pin 3 )(V(pm 14) to 0 Vdc) 

50 

60 

_ 

dB 

Chroma Input Resistance 

- 

2.3 

- 


Chroma Input Capacitance 

- 

13 

- 

pF 

Chroma Output Impedance 

- 

15 

- 

ohms 

Horizontal Input Pulse 

2.2 

3.0 

40 

Vp 

Oscillator Output 

100 

- 

- 

mV(RMS) 

Oscillator Output Impedance 

- 

15 

- 

ohms 

Hue Control Range 
(^'/(pin 12) ('/(pm 14) to 4.3 Vdc) 

100 

126 

- 

degrees 

Oscillator Pull-In Range 

1200 

- 

- 

Hz 

Oscillator Noise Bandwidth (f(\j) 

- 

900 

- 

Hz 

Static Phase Error with Oscillator Detuning 

25 mV(p-p) Burst Amplitude 


0.20 


degrees/Hz 

2.0 mV(p-p) Burst Amplitude 

- 

0.25 

- 



Note 1: With 5.0 mV(p-p) burst input at pm 5 
set E(pin 10* i^^t "unkill" 


FIGURE 2 - MC1398P TEST CIRCUIT 
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FIGURE 3 - MC1398 CIRCUIT SCHEMATIC 


CHROMA GAIN CONTROL HUE CONTROL and 

BIAS SECTION and OUTPUT OSCILLATOR OUTPUT BIAS SECTION and VOLTAGE REGULATOR 



i INPUT 6 8 I TCEOBACK jq ACC KILlU 3 ^ 

CHROMA AMPLIFIER KILLER OSCILLATOR CONTROL aCC CIRCUIT 


Oi 
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(Copper Side Shown) 


Li f—0 875—] 



Li • 80 TURNS OF 
STANDARD #38 AWG 
HEAVY POLYTHERMALEZ 
WIRE 



BOTTOM 

VIEW 



} 

} 


69.6 TURNS 


5.3 TURNS 


MC1398P APPLICATIONS INFORMATION 

MC1398P IS a multifunction circuit with considerable gain as¬ 
sociated with the chroma amplifier and oscillator sections. It is 
important to the circuit layout utilizing the MC1398P that the 
chroma amplifier, oscillator, and oscillator output/hue section 
grounds are separated from each other. Ground loop problems 
will interfere with oscillation stability and lock-up if this pre¬ 
caution IS not observed. 

Care must be exercised to avoid coupling from the oscillator 
output to the crystal circuitry connected to pm 8. Stray coupling 
of these two points can result in excessive oscillator shift; or in 
some cases, oscillator drop-out during adjustment of the hue 
control. 

A suitable circuit layout forthe MC1398P is shown in Figure 10. 

An adjustable capacitor (1.5—20 pF in parallel with a fixed 
22 pF capacitor) is shown in series with the 3.58 MHz crystal. This 
capacitor is used to adjust the oscillator exactly on frequency, 
and ensures excellent oscillator lock-up. However, acceptable 
oscillator performance can be obtained with a fixed value of capaci¬ 
tance (this value is dependent on the designers' choice of crystals). 


COILCRAFT FDRM #10-32 OR EQUIV 
UNIVERSAL AWG #36 WIRE OR EQUIV 
L =26jiH 


T2: 

INPUT OUTPUT 




SECONDARY 
WINDING 
55 TURNS 


COILCRAFT FORM #10-32 OR EQUIV 
UNIVERSAL AWG #36 WIRE OR EQUIV 
Lp = 12 pH primary winding 
L3 = 8 8 pH secondary winding 
K = 0.4 


This coil data is intended as an aid only. It is 
expected that many designers will want to use 
other approaches. 
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MC1398P CIRCUIT DESCRIPTION 


TheMC1398P is capable of providing the entire color processing 
function between the second detector and the demodulator for 
television color receivers. 

A band pass filter from the second detector provides a 50 mV 
(p-p) signal (for a saturated color bar pattern) at the input to the 
first chroma amplifier stage (Q2, Q3, Qg. Qg)- Because of Q2 
emitter load resistor the input impedance is determined primarily 
by the bias resistor (R3) and is about 2.3 kilohms. Since Q2 is the 
current source for the differential pair (Q3 and Qg), the chroma 
information will pass to the load resistor {R7) and then to the 
second chroma amplifier (Q17). To avoid overload of Q17, the 
maximum gain to Q-iy base is only X3 and by varying the bias at 
the base of Qg it is possible to reduce the stage gam by 23 dB 
without signal distortion; the signal being "dumped" by Qg 
collector into the supply. Since this automatic chroma control 
action will vary the dc bias at Q'i7 base the emitter load of Q'|7 is 
the current source Qtg, maintaining the dc operating current. Qtg 
collector is bypassed externally to prevent ac signal attenuation. 

During picture scan time, the chroma signal passes through the 
output level control amplifier (Q^q. Qf 1. Ql5. Q2l)- changing 
the bias on Qn and Qtg bases the signal can either pass to the 
output pin 2 or be "dumped" into the supply through Q-] 1. The 
use of buffer stages Q^g Q21 prevent distortion at low-signal 
levels and the control range is better than 70 dB. The signal output 
IS also buffered by Qi 4 and Q20. thus providing a low impedance 
drive of up to 2.0 V (p-p) to the demodulator, with an overall 
gain between pins 5 and 2 of 40 dB. To enable the chroma signal 
output to reach the amplifiers from Q17 collector, Q12's held in 
conduction by Qg which in the absence of any input on pm 4 is not 
conducting. This high collector voltage also holds Q26 't> 
conduction, clamping the input to the burst channel and preventing 
chroma information reaching the oscillator. During picture retrace 
time, a positive-going 4.0 ps pulse from the line sweep transformer 
will turn Qg "on" and Q7 "off". When Qg collector goes low, 
Qt2 will become "cut-off" preventing the burst signal at Qty 
collector from reaching the output pm 2. At the same time, Q2g 
turns "off" opening the burst channel. The high collector voltage 
of Q7 turns on Q^g and Q22- *^16 passes the burst signal from 
Q17 collector to the subcarrier regenerator and Q22 "fills-in" for 
Q12 during the gate period to prevent a dc shift in the pin 2 
output voltage. 

The gated burst signal is applied to the oscillator through Q 27 
and Q28- ^29- ^50 ^35 together with Q 27 and Q 28 form 

an injection locked oscillator circuit. At series resonance of the 
crystal connected to pm 8 the impedance of pin 8 is very low, 
thereby reducing the 3.579545 MHz carrier level at the base of 
Q 50 The signal at the base of Q 2 g is not reduced but the output 
voltages in R 33 and R 42 will change. Any signals outside the 


response band of the crystal will appear equally at Qgg and Q29 
bases and be suppressed in the output by the differential amplifier 
common-mode rejection ratio (about 40 dB). To maintain 
oscillation, a feedback signal with the correct phase is passed by 
Q35 back to the input of Q27- Careful control of the resistor 
ratios ensures that Q29 and Qgg are operated linearly with about 
350 mV (p-p) at R33 and R42, due to self oscillation. A burst 
signal as low as 2.0 mV (p-p) at the chroma input is sufficient to 
cause the oscillator to lock to the reference phase and frequency. 

As the burst amplitude increases, the level at Q29 and Qgg 
collectors changes and this shift is used to provide the automatic 
chroma control function. Q42 and Q45 form a modified differential 
amplifier and with zero offset bias Q45 conducts most of the 
current from Q43. As an increasing burst level swings Q29 and 
Q5O collectors, the current from Q43 is shunted into Q42- At a 
point predetermined by the setting of the automatic chroma control 
connected to pin 10, the composite lateral PNP of Q47 and Q40 
will be biased into conduction. This amplifier has a gam of unity 
and a filter capacitor (connected to Q4g base) prevents any 
tendency to oscillations. Diode CRg provides thermal compen¬ 
sation to ensure a steady color-killer threshold point. The increas¬ 
ing current through Q'i3 emitter is used to control Qg base, 
attenuating the input signal as the burst amplitude increases. The 
current from Qig also keeps Q-jg in saturation. When the input 
signal becomes too small for satisfactory color rendition, Q13 
current falls and Q^g comes out of saturation. This means Q25 
will saturate, clamping Q21 base and "killing" the chroma output 
stage. R24 in the Schmitt trigger circuit ensures that the color- 
killer will have hysteresis to prevent fluttering between "on" and 
"off" states 

The oscillator output voltages at R33 and R42 are used to 
drive 039 and Q3g into limiting so that as the burst amplitude in¬ 
creases the oscillator activity to around 700 mV (p-p), there will 
be no change in the oscillator output amplitude at pm 13 Q38 and 
Q3g are used as current sources with a 180° phase difference for 
the differential pairs Q30 and Q3'|, Q34 and Q37. A small 
capacitor attached externally to Qgg collector adjusts the total 
phase difference to 135°. Since the signal appearing m the load 
resistor Rg^ will be the vector sum of Qgi and Q37 signals, 
varying the base bias of Qgg and Q34 will change the oscillator 
output phase over the 135° range. Q40 and Q4t buffer the 
oscillator output providing a low impedance drive at pm 13 for 
the demodulator. 

To minimize crosstalk between the burst and chroma channels, 
separate bias chains are used. Further, the oscillator bias chain 
IS zener regulated to prevent phase shifts in the reference output 
with power-supply variations. 



Advance Information 


TV COLOR PROCESSING CIRCUIT 


The MC1399 contains a chroma IF amplifier with automatic 
chroma control, color killer, linear dc chroma control, and a phase 
lock loop subcarrier regenerator system followed by a dc hue control. 


• High Gain Automatic Chroma Control (ACC) 

• High Gain Phase Lock Loop Subcarrier Regenerator System 

• Color Killer with Externally Defined Threshold 

• Critical Design Parameters Externally Adjustable 

• Linear dc Chroma Control 

• DC Hue Control with Well Defined Range and Center 

• Internal Gating for Color Burst 

• Built-In Supply Regulator 

• Compatible with Most Existing Demodulators 


FIGURE 1- MC1399 BLOCK 


OC FMdback 
I Amplifi«r 


This IS advance information and specifications are subject to change without notice 


5-113 




_I 


8 




































MC1399 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted.) 


Rating 

Value 

Unit 

Power Supply Current 

60 

mA 

IHorizontal Pulse Input Current 

4 2 

mA 

Minimum Load Resistance (Pins 11,13) 

2.7 

kn 

Junction Temperature 

150 

°C 

Operating Ambient Temperature Range 

-20 to +75 

OC 

Storage Temperature Range 

-65 to +150 

°C 


ELECTRICAL CHARACTERISTICS See Test Circuit, Figure 5. (All Switches in Position 1 Unless Otherwise Noted.) 


Characteristic 

Min 

Typ 

Max 

Unit 

Regulated Voltage (V^) (Pin 12) 

- 

12.6 

- 

Vdc 

Load Regulation (Pin 12) (Vcc from +22 V to +26 V) 

- 

100 

- 

mVdc 

APC Set Up Voltage (R2) 

0 61 

- 

0 81 

%Vcc 

ACC Set Up Voltage (R1) 

0.57 

- 

0.79 

%Vcc 

Chroma Control Output Voltage 





(SI Position 2) 

_ 

1.25 

_ 

Vp-p 

(SI Position 3) 

- 

625 

- 

mVp-p 

(SI Position 4) 

- 

12 

- 

mVpiJ 

Oscillator Output 





(S2 Position 2) 

- 

2.2 

- 

Vp-p 

(S2 Position 1) 

_ 

1.6 

_ 

Vp-p 

(S2 Position 3) 

- 

2.2 

- 

Vp-p 

Oscillator Output Phase (Referred to Chroma Output Pin 13) 





(S2 Position 1) 

- 

231 

- 

Deg. 

(S2 Position 2) 

- 

185 

- 

Deg. 

(S2 Position 3) 

- 

268 

- 

Deg. 

Static Phase Error (SPE) with Oscillator Detuned 

- 

0.02 

- 

Degrees/Hz 

Automatic Chroma Control (ACC) 

Chroma Output for Input of: 





+6.0 dB (360 mVp-p Burst) 

- 

2.65 

- 

Vp-p 

'14 dB (36 mVp-p Burst) 

- 

2.1 

- 

Vp-p 

Chroma Output Voltage (Pin 13) for Input of -20 dB (Killer On) 

- 

10 

_ 

mVp-p 

(18 mVp-p Burst @ Pin 2) 
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TYPICAL DESIGN CHARACTERISTtCS (Figure 5) 


Characteristic 

Typ 

Unit 

Input Impedance Pm 2 

2.0 

kn 


2.0 

pF 

Pm 7 

10 

kD 


2.0 

pF 

Pm 9 

10 

kD 


2.0 

pF 

Output Impedance Pins 6, 11, 13 

50 

n 

Oscillator Drift with Temperature (Device Only) 

0.7 

PPM/°C 

Oscillator with V^c 

+20 

Hz/Volt 

Chroma Output Level Drift with Temperature 

10 

% 

(DeviceOnly,25 to 75°C) 



Chroma Output Level Sensitivity to Vcc (Device Only) 

2.0 

%/Volt 

Pull-In Range 

±500 

Hz 

Noise Bandwidth (fnni 

150 

Hz 

Oscillator Control Sensitivity (|3) 

1.2 

Hz/mV 

APC Phase Detector Sensitivity (u) 

42 

mV/Degree 



0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 



0 20 40 60 80 100 120 140 


INPUT SIGNAL 100%= ISOmVp.p Burst 


DC VOLTAGE AS% OF SUPPLY ON CHROMA CONTROL ARM 



0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 

OC CONTROL VOLTAGE AS % OF SUPPLY 
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FIGURE 5 - DYNAMIC CHARACTERISTIC TEST CIRCUIT 



Set*Up: Apply 6 m, 15.734 kHz Horizontal Pulse 3 Vp-p, Centered on Burst. 
Adjust APC Control for 3,579545 MHz with No Chroma Input. 

Apply NTSC 75% Bar Chart, (Luminance, Sync and Set-up Removed) 
and Adjust ACC Control for 2.5 Vp-p Red Bar at Chroma Output. 

*1% Resistor Tolerance 
** Determines ACC loop gain, see Figure 2. 

• • ‘Value determined by crystal. 
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ORDERING INFORMATION 


Device 

Temperature Range 

Package 

MC3310P 

0*^C to +75°C 

Plastic DIP 


WIDE-BAND AMPLIFIER 

... designed for FM/IF and low-level audio applications. 

• High Audio Gain — 60 dB minimum 

• Useful as a Microphone Amplifier and in Tape Recorders and 

Cassettes 

• Excellent Performance as a 10.7 MHz FM/IF Amplifier 

• High Transconductance (gm) Ideally Suited to Low Impedance 

Ceramic Filters 

• Formerly MFC4010A in Case 206A Package 


MC3310P 


WIDE-BAND AMPLIFIER 

SILICON MONOLITHIC 
FUNCTIONAL CIRCUIT 





















MC3310 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Rating 

Value 

Unit 

Power Supply Voltage 

21 

Vdc 

Power Dissipation @ Ta = 25°C 

1.2 

\A/atts 

(Package Limitation) 



Derate above 25°C 

10 

mW/°C 

Operating Ambient Temperature Range 

0 to +75 

°C 


ELECTRICAL CHARACTERISTICS (Vcc = 60 Vdc, Ta = 25°C unless otherwise noted) 


1 Characteristic ] 

Min 

Typ 

Max 

Unit 

Open Loop Voltage Gam (Figure 3) 


60 

68 

- 

dB 

(f = 1 0 kHz) 






h Parametersd) 

hl1 


1 0 

- 

k ohms 

(f = 1 0 kHz) 

hi2 

- 

10-6 

- 

- 


h2i 

- 

1000 

- 

- 


h22 

- 

10-6 

- 

mhos 

Output Noise Voltage (Figure 3) 


- 

30 

- 

mV(RMS) 

(BW = 20 Hz to 20 kHz, Rs = 1 0 k ohms) 


- 

30 

- 


1 Current Dram | 

- 

30 

- 

mA 


HIGH FREQUENCY CHARACTERISTICS (Vcc ~ 1^ Vdc, ( = 10 7 MHz. Ta = 25°C unless otherwise noted) 


Power Gain (Figure 1) 
e,n = 0 1 mVRIVIS) 


- 

42 

- 

dB 

Noise Figure (Figure 1) 

(Rs ^ 740 Ohms) 


- 

60 

- 

dB 

y Paramefers( 1) 

Vll 


1 3 + )1 5 

- 

mmhos 

(f = 10 7 MHz, l 2 = 2 0 mA) 

Vt2 

- 

-3 4 + (8 1 

- 

pmhos 


V21 

- 

-0 33 + )0 68 

- 

mho 


V22 

- 

120 + )0 

- 

pmhos 


Uloevice only, without external passive components 


FIGURE 3 - AUDIO TEST CIRCUIT FIGURE 4 - BIASING RECOMMENDATIONS 




Let R2 = 5(0.74)/lo 

Then. R1 = R2 (Eq -0.74)/0.74 


C ^ i O 
































VOLTAGE GAIN (dB) VOLTAGE GAIN 
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TYPICAL CHARACTERISTICS 


AUDIO PERFORMANCE CHARACTERISTICS 
(for Test Circuit Figure 3) 


*TAPE PREAMPLIFIER PERFORMANCE 
(for Circuit Figure 2) 



10 40 100 400 1 Ok 4 0k 10 k 40 k 100 k 400 k 1 0 M 4 0 M 10 M 

FREQUENCY (Hz) 



0 02 0 05 01 0305 10 3050 10 20 

FREaUENCY(kHz) 



0 4 0 8 0 12 16 20 

SUPPLY VOLTAGE (VOLTS) 



0 02 0 05 01 0305 10 3050 10 

FREQUENCY (kHz) 


Note 

The record/playback characteristics shown in Figures 8 and 9 
were taken with the preamplifier driven by a 50 ohm source The 
curves are typical of a desired response for the preamplifier, how¬ 
ever. every type of tape recording and playback head is different 
and this circuit will not necessarily satisfy all requirements No par¬ 
ticular tape head was used as a basis for circuit design. The circuit 
IS only an example showing the equalization network configuration 

The ideal preamplifier will have an input impedance approx¬ 
imately 10 times the highest impedance of the tape head and every 
preamplifier circuit must be designed using a test tape to verify 
the response of the design 


















POWER GAIN (dB) Y 2 i, FORWARD TRANSFER ADMITTANCE (mhos) y, j, INPUT ADMITTANCE (mmhos) 
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10.7 MHz y PARAMETERS 

FIGURE 10 - REVERSE TRANSFER ADMITTANCE 


05 10 20 

PIN2CURRENT (mA) 


02 03 05 10 20 30 50 

PIN2CURRENT(mA) 




PIN 2 CURRENT (mA) 


0203 05 10 20 30 50 10 

PIN2CURRENT(mA) 

FIGURE 12 - OUTPUT ADMITTANCE 



10.7 MHz PERFORMANCE 
(Circuit of Figure 1) 


FIGURE 13 - POWER GAIN versus SUPPLY VOLTAGE 

80 

70 
60 
SO 
40 
30 
20 
to 
0 

40 8.0 80 10 12 14 16 18 20 

SUPPLY VOLTAGE (VOLTS) 








-1 













1 = 0.1 m 













































FIGURE 14 - VOLTAGE TRANSFER CHARACTERISTIC 
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Advance Information 


AUTOMOTIVE 
VOLTAGE REGULATOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


AUTOMOTIVE VOLTAGE REGULATOR 

. . . designed for use in conjunction with an NPN Darlington transis¬ 
tor in a floating field alternator charging system. 

• Overvoltage Protection 

• Shut-Down on Loss of Battery Sense 

• Selectable Temperature Coefficient 

• Available in Chip Form for Hybrid Assembly 



This IS advance information and specifications are subject to change without notice. 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Current Into Pins 5, 6, and 7 

*5, 6, or 7 

50 

mA 

Current Into Pm 3 

•3 

20 

mA 

Current Into Pin 4 

'4 

20 

mA 

Current Into Pin 2 

•2 

120 

mA 

Current Into Pin 8 

>8 

50 

mA 

Current Into Pin 9 

>9 

50 

mA 

Current Into Pin 10 

ho 

50 

mA 

Junction Temperature 

Tj 

150 

°C 

Operating Temperature Range 

Ta 

-40 to +85 

°C 

Storage Temperature Range 

Tstg 

-65 to +150 

°C 


ELECTRICAL CHARACTERISTICS (T/; = 25°C unless otherwise specified.) 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Diode TC Adjust' Threshold Voltage on Pm 8 
(Figure 1) 

V8 

79 


8.8 

V 

Battery Sense; Threshold Voltage on Pm 5 
(Figure 1) 

V 5 

11.8 

- 

13.3 

V 

Battery Sense: Threshold Voltage on Pm 6 
(Figure 1) 

V6 

11.1 

- 

12.6 

V 

Battery Sense: Threshold Voltage on Pin 7 
(Figure 1) 

V 7 

10.5 

- 

11.8 

V 

Battery Sense Loss Detect: Threshold Current Into Pm 4 
(Figure 2) 

•4 


- 

600 

mA 

Battery Sense Loss Detect' Threshold Voltage at Pm 4 
(I 4 < 600mA, Figure 2) 

V 4 

1.3 

- 

1.7 

V 

Overvoltage Sense: Threshold Current Into Pin 3 
(Figure 2) 

•3 



600 

mA 

Overvoltage Sense' Threshold Voltage at Pin 3 
(I 3 < 600mA, Figure 2) 

V 3 

6.7 

- 

9.0 

V 

Output Drive Adjust: Voltage Drop from Pm 2 to Pm 10 
(I 2 = 10 mA, Figure 3) 

V 2 

1.9 


mi 

V 

Low State Output Voltage at Pin 10 
(I 3 = 12 mA, I 2 = 120 mA, Figure 4) 

V 10 

“* 


0.7 

V 


.R-1 9 !^ 
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FIGURE 5 - APPLICATION CIRCUIT 



'Note: The temperature coefficient of the battery voltage sense terminal Is determined by the number of diodes used in 
the diode string (i.e.. whether Pin 5, 6, or 7 is used). The approximate temperature coefficient for a diode at 1.0 mA is 
-2.0 mV/®C, and for a zener diode it is +3.0 mV/®C. Counting from ground (see circuit schematic) we have -2.0 mV for 
Q5, -2,0 mV for Q4, +3.0 mV for 21, -8,0 mV for 05 thru D8, and an additional -2.0 mV each for D9 and D10 if used. 
The total temperature coefficient can be varied from approximately -9.0 mV/°C to -13 mV/°C depending on the number 
of the diodes in the diode string that are utilized. 


APPLICATIONS CIRCUIT INFORMATION 
(See Figure 5) 


R1 Determines the temperature coefficient by setting 
the value of current in the diode string. As the 
value of R1 decreases, so does the effective TC. R1 
should be chosen so that the current m the diode 
string is between 0.5 mA and 1.0 mA. 

R5 This resistor determines the Vreg voltage as defined 
by the following equation: 

Vreg= (1 + ^ ) 8.4 + (n + ) (0.7) 

n = number of diodes used in diode string 
(4 < n < 6 ) 

R4 Used as a current limiting resistor on Pin 4 in case 
of an open battery voltage sense lead. 

R3 Used as a current limiting resistor on Pin 3 in case 
of overvoltage at the diode trio. Voltage at Pin 3 
will run approximately 7.5 volts. R3 should be 
chosen so that the current (I 3 ) at maximum over¬ 
voltage is between 2.0 mA and 6.0 mA. 


R2 This resistor determines the output drive current. 
Refer to specifications for the darlington driver 
and select the value for R2 that will provide 
enough drive to the output when the diode trio 
voltage is at a minimum. 

Vmin-2.8V 
•Drive- R2-H50n 

R 6 This resistor in conjunction with R3 is used to set 
the maximum overvoltage. 

... . R3 + R 6 

Maximum overvoltage s ——-— (7.5) 

Ro 

R7 Used for compensation 

(Approximately 3.0 kJ2) 

Cl, Used for compensation 

C2 (Approximately 0.01 pF) 


.S-1 P.R 







MC3333 


VARI-DWELL 
IGNITION CIRCUIT 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


VARI-DWELL IGNITION CIRCUIT 


. . . designed for use in conjunction with a flux averaging sensor and 
a high energy ignition coil to provide regulated current pulses to 
the coil from information supplied by the sensor. 

• Wide Supply Voltage Operating Range (4 to 24 V) 

• Externally Adjustable Overvoltage Shutdown 

• Externally Adjustable Dwell Time and Spark Energy 

• Extremely ^Stable Output Current Pulses 

• Variable Input Threshold Compensates for Low Supply 

Voltage Conditions 

• Low Static Current Drain 

• Also Available in Flip-Chip (MCCF3333) and Standard Chip 

(MCC3333) Form 


PSUFFIX 

PLASTIC PACKAGE 
CASE 646 




ORDERING INFORMATION 


Devics 

Temperature 

Range 

Package 

MC3333P 

-40 to +85 

Plastic DIP 
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MC3333 
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MC3333 



500^ 5 15 k 

pF > 


I—n 


Pick-Up 
Sensor 
1.35 h 
@1000 Hz 
15 VRMS 


I_J 


SI CC C NC 


2 1 14 13 


2W Vcc 


6 7 8 9 


PI D1 K D2 


Ignition Coll 
Primary Impedance 
**0.430. Inductance 
*»7.5 - 8.5 mH e> 5 A 


j^MJ10012 


All resistor values are in Ohms and are 
1/4 Watt rating unless otherwise specified. 
Values are typical only. 


1. The ratio of R/\ to Rb controls the ignition coil regulated current. 


^■•■overvoltage ~ ® 


(^) - 

sets the over-vo 

/Rc ■f Flo\ 


+ Rg ^ 1 


2. The ratio of Rq to Rq over-voltage shutdown point with respect to B+. 


Hq + Rq ^ 10 kfi 


3. Rg IS active region dwell control. Rg - 70 kH results in output current limit time of approximately 
10% at 1000 RPM (with respect to one distributor cycle m an 8 cylinder engine). Values less than 
70 kH lengthen this limit time and values higher shorten this limit time. 

4. The 0.1 capacitor at pin 4 may be eliminated and stability maintained. A readjustment of the 
R/^ and Rg resistors will be required. 












Device 


MC3340P 


Temperature Range 


0°C to +75°C 


Package 


Plastic DIP 


MC3340P 


ELECTRONIC ATTENUATOR 


• Designed for use in: 

DC Operated Volume Control 

Compression and Expansion Amplifier 
Applications 

• Controlled by DC Voltage or External Variable Resistor 

• Economical 8-Pin Dual In-Line Package 

































MC3340 


ELECTRICAL CHARACTERISTICS (em = 100 mV (RMS), f = 1.0 kHz, R1 = 0, Vcc = 16 Vdc, Ta = +25°C unless otherwise noted.) 
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ONE DIFFERENTIALLY-CONNECTED 
PAIR AND THREE 
ISOLATED TRANSISTOR ARRAY 


The MC3346 and MC3386 are designed for general-purpose, 
low power applications for consumer and industrial designs. 

• Guaranteed Base-Emitter Voltage Matching 

• Operating Current Range Specified — 10/lA to 10 mA 

• Five General-Purpose Transistors in One Package 


GENERAL-PURPOSE 
TRANSISTOR ARRAY 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



Rating 

Symbol 

Value 

Unit 

Collector-Emitter Voltage 

VCEO 

15 

Vdc 

Collector-Base Voltage 

VCBO 

20 

Vdc 

Emitter-Base Voltage 

veb 

50 

Vdc 

Collector-Substrate Voltage 

VciO 

20 

Vdc 

Collector Current — Continuous 

'c 

50 

mAdc 

Total Power Dissipation T/^ = 25°C 

Pd 

1.2 

Watts 

Derate above 25°C 


10 

mW/°C 

Derate Each Transistor (s> 25°C 


300 

mW/°C 

Operating Temperature Range 

ta 

-40 to -tSB 

°C 

Storage Temperature Range 

^stg 

-65 to +150 

°C 
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MC3346, IVIC3386 



STATIC CHARACTERISTICS 


Collector-Base Breakdown Voltage 
dc = lO/jAdc) 


Collector-Emitter Breakdown Voltage 
dc = 1.0 mAdc) 


Collector-Substrate Breakdown Voltage 
dc = IOmA) 


Emitter-Base Breakdown Voltage 
(IE = lO/jAdc) 


Collector-Base Cutoff Current 
(VcB = 10 Vdc, Ie = 0) 


DC Current Gain 

dc OO mAdc, VcE = 3.0 Vdc) 
dc “ 1.0 mAdc, VcE 3.0 Vdc) 
dc = 10 ^Adc, VcE = 3.0 Vdc) 


Base-Emitter Voltage 

(VcE = 3.0 Vdc, Ie = 1 0 mAdc) 
(VcE = 30 Vdc, Ie = 10 mAdc) 


Input Offset Current for Matched Pair Q1 and Q2 
(VcE = 3.0 Vdc, Ic = 1.0 mAdc) 


Magnitude of Input Offset Voltage 
(VcE = 3.0 Vdc, Ic = 1.0 mAdc) 


Temperature Coefficient of Base-Emitter Voltage 
(VcE = 3.0 Vdc, Ic = 1.0 mAdc) 


Temperature Coefficient 


Collector-Emitter Cutoff Current 
(VcE = 10Vdc, 1 b=0) 


DYNAMIC CHARACTERISTICS 


Low Frequency Noise Figure 

(VcE = 3.0 Vdc, Ic = lOOpAdc, Rs= I.Okn, 
f = 1.0 kHz) 


Forward Current Transfer Ratio 

(VcE = 3.0 Vdc, Ic = 1.0 mAdc, f = 1.0 kHz) 


Short-Circuit Input Impedance 
(VcE = 3.0 Vdc, Ic = 1.0 mAdc) 


Open-Circuit Output Impedance 
(VcE = 3.0 Vdc, Ic = 1.0 mAdc) 


Reverse Voltage Transfer Ratio 
(VcE = 3.0 Vdc, Ic = 1.0 mAdc) 


Forward Transfer Admittance 

(VcE = 3.0 Vdc, Ic = 1.0 mAdc, f = 1.0 MHz) 


Input Admittance 

(VcE = 3.0 Vdc, Ic = 1.0 mAdc, f = 1.0 MHz) 


Output Admittance 

(VcE = 3.0 Vdc, Ic = 1.0 mAdc, f = 1.0 MHz) 


Current-Gain — Bandwidth Product 
(VcE = 3.0 Vdc, Ic = 3.0 mAdc) 


Emitter-Base Capacitance 
(Veb = 3.0 Vdc, Ie = 0) 


Collector-Base Capacitance 
(VcB = 3.0 Vdc, lc = O) 


Collector-Substrate Capacitance 
(Vcs = 3.0 Vdc, lc = 0) 


BVcbO 







































































































































MC3346, MC3386 


TYPICAL CHARACTERISTICS 


FIGURE 1 - COLLECTOR CUTOFF CURRENT 
versus TEMPERATURE (Each Transistor) 


FIGURE 2 - COLLECTOR CUTOFF CURRENT 
versus TEMPERATURE (Each Transistor) 



Ta, AMBIENT TEMPERATURE (“C) 



0 25 50 75 100 125 

Ta. AMBIENT TEMPERATURE (°C) 


FIGURE 3 - INPUT OFFSET CHARACTERISTICS FOR 
Q1 and 02 


FIGURE 4 - BASE-EMITTER AND INPUT OFFSET 
VOLTAGE CHARACTERISTICS 



0 01 0 02 0 03 0 05 01 02 03 0507 10 

IC, COLLECTOR CURRENT ImAdc) 




V|0, INPUT OFFSET VOLTAGE (mVdc) 














MC3357 




PIN CONNECTIONS 


Limiter 
Input ^— 

Decoupling 


—. Audio 
14 Mute 

—J Control 
—I Squelch 
1-3 Input 
^Filter 
—' Output 

—• Input 

Demodulator 
—'Output 
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MC3357 


MAXIMUM RATINGS (T/^ =25°C, unless otherwise noted) 


Rating 

Pin 

Symbol 

Value 

Unit 

Power Supply Voltage 

4 

Vccimax) 

12 

Vdc 

Operating Supply Voltage Range 

4 

Vcc 

4 to 8 

Vdc 

Detector Input Voltage 

8 

- 

1.0 

Vp-p 

Input Voltage (Vcc > 6.0 Volts) 

16 

Vl6 

1.0 

Vrms 

Mute Function 

14 

Vi4 

-0.5 to 5.0 

Vpk 

Junction Temperature 

- 

Tj 

150 

°C 

Operating Ambient Temperature Range 

- 

ta 

-30 to +70 

°C 

Storage Temperature Range 

- 

’’^Stp 

-65 to +150 

°C 


ELECTRICAL CHARACTERISTICS (Vcc = 6.0 Vdc, fo = 10.7 MHz, Af = ± 3.0 kHz, fmod = 1.0 kHz, Ta = 25°C unless otherwise noted.) 


Characteristic 

Pin 

Min 

Typ 

Max 

Unit 

Drain Current 





mA 

Squelch Off 


- 

2.0 

- 


Squelch On 


- 

3.0 

5.0 


Input Limiting Voltage 

16 

- 

50 

10 

mV 

(-3 dB Limiting) 






Detector Output Voltage 

9 

- 

3.0 

- 

Vdc 

Detector Output Impedance 

- 

- 

400 

- 

n 

Recovered Audio Output Voltage 

9 

200 

350 

- 

mVrms 

(V,n = 10 mV) 






Filter Gain (10 kHz) 

- 

40 

46 

- 

dB 

(Vjn = 5 mV) 






Filter Output Voltage 

11 

1.8 

20 

2 5 

Vdc 

Trigger Hysteresis 

- 

- 

100 

- 

mV 

Mute Function Low 

14 

- 

15 

50 

U 

Mute Function High 

14 

1.0 

10 

- 

Mn 

Scan Function Low (Mute Off) 

13 

- 

0 

0 5 

Vdc 

(Vi 2 = 2 Vdc) 






Scan Function High (Mute On) 

13 

5.0 

- 

- 

Vdc 

(V')2 ” Gnd) 






Mixer Conversion Gain 

3 

- 

20 

- 

dB 

Mixer Input Resistance 

16 

- 

3.3 

- 

kn 

Mixer Input Capacitance 

16 

- 

2.2 

- 

PF 
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MC3357 


CIRCUIT DESCRIPTION 

The MC3357 is a low power FM IF circuit designed 
primarily for use m voice communication scanning 
receivers. 

The mixer-oscillator combination converts the input 
frequency (e.g., 10.7 MHz) down to 455 kHz, where, 
after external bandpass filtering, most of the amplification 
IS done. The audio is recovered using a conventional 
quadrature FM detector. The absence of an input signal is 
indicated by the presence of noise above the desired 
audio frequencies. This “noise band" is monitored by an 
active filter and a detector. A squelch trigger circuit 
indicates the presence of noise (or a tone) by an output 
which can be used to control scanning. At the same time, 
an internal switch is operated which can be used to 
mute the audio. 

The oscillator is an internally-biased Colpitts type with 
the collector, base, and emitter connections at pins 4, 1, 
and 2 respectively. A crystal can be used in place of the 
usual coil. 

The mixer is doubly-balanced to reduce spurious 
responses. The input impedance at pin 16 is set by a 
3 kr2 internal biasing resistor and has low capacitance, 
allowing the circuit to be preceded by a crystal filter. 
The collector output at pin 3 must be dc connected to 
B-t, below which it can swing 0.5 V. 

After suitable bandpass filtering (ceramic or LC) the 
signal goes to the input of a five-stage limiter at pin 5. 


The output of the limiter at pin 7 drives a multiplier, both 
internally directly, and externally through a quadrature 
coil, to detect the FM. The output at pin 7 is also used to 
supply dc feedback to pin 5. The other side of the first 
limiter stage is decoupled at pin 6. 

The recovered audio is partially filtered, then buffered 
giving an impedance of around 400 SI at pin 9. The signal 
still requires de-emphasis, volume control and further 
amplification before driving a loudspeaker. 

A simple inverting op amp is provided with an output 
at pin 11 providing dc bias (externally) to the input at 
pin 10 which is referred internally to 2 V. A filter can be 
made with external impedance elements to discriminate 
between frequencies. With an external AM detector the 
filtered audio signal can be checked for the presence of 
noise above the normal audio band, or a tone signal. This 
information is applied to pm 12. 

An external positive bias to pm 12 sets up the squelch 
trigger circuit such that pm 13 is low at an impedance 
level of around 60 kf2, and the audio mute (pm 14) is 
open circuit. If pm 12 is pulled down to 0.7 V by the 
noise or tone detector, pin 13 will rise to approximately 
0.5 Vdc below supply where it can support a load current 
of around 500 pA and pin 14 is internally short-circuited 
to ground. There is 100 mV of hysteresis at pm 12 to 
prevent jitter. Audio muting is accomplished by connecting 
pin 14 to a high-impedance ground-reference point m the 
audio path between pm 9 and the audio amplifier. 
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MC3357 



ORDERING INFORMATION 


MC3360P 


Temperature Range 


-10°C to +75‘’C 


Package 


Plastic DIP 


MC3360P 


1/4-WATT AUDIO AMPLIFIER 


.. designed for the output stage of battery-powered portable radios. 


• 250 mW of Audio Output Power 

• Low Standby Current - 3.5 mA typical 

• Low Harmonic Distortion 

• Reduces Component Count in Portable Radios 

• Formerly MFC4000B Packaged in Plastic Case 206A. 




































IVIC3360 


ELECTRICAL CHARACTERISTICS* (Vcc 9 0 Vdc, Rl = 16 Ohms, T/\ = +25°C unless otherwise noted.) 


Characteristic 

Mm 

Typ 

Max 

Unit 

Zero Signal Current Dram 

_ 

3 0 

5 0 

mAdc 

Sensitivity 

_ 

_ 

240 

mV(RMS) 

Pq = 250mW(RMS) 





Output Power 

250 

350 


mW(RMS) 

Total Harmonic Distortion ^ 10% 





Total Harmonic Distortion 




% 

Pq = BOmWIRMS) 

- 

0 7 

- 


Pq = 50 mW(RMS), Vcc = 6 0 Vdc 

- 

4 5 

- 



•As measured in test circuit shown in Figure 1 


FIGURE 1 - TEST CIRCUIT 
Vcc 
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CURRENT DRAIN, mA TOTAL HARMONIC DISTORTION, 


MC3360 













ORDERING INFORMATION 


MC3380P 


Temperature Range 


0°C to +75°C 


Package 


Plastic DIP 


MC3380P 


EMITTER COUPLED ASTABLE MULTIVIBRATOR 
With Programmable Pulse Width and Current- 
Controlled Pulse Repetition Rate 

The 1\/IC3380P is a monolithic device designed for use as a general 
building block in control and power supply applications. 

Its extremely flexible design makes it useful in dc-dc converter 
applications and power supply regulator circuits. Its fixed pulse 
width, variable frequency mode of operation makes it useful in 
switching regulator applications with either fixed or variable loads. 
This device is capable of stepping up (Figures 5 and 9) or stepping 
down (Figure 14) dc input voltages, and can produce regulated 
multiple output dc voltages of either positive or negative polarity 
(Figure 14). 

This device can also be used as a frequency source when config¬ 
ured as a multivibrator. 

As a OC-DC Converter - 

Differential Line Regulation (Figure 9) - 
= 1 V (Max) @ Vcc= 3to7.5 V 

As a Power Regulator - 

Load Regulation (Figure 5) — 

0.2% (Typ) @ Pd = 1 to 3 Watts 

As a Multivibrator — 

High Toggle Frequency = 100 kHz (Typ) 


EMITTER COUPLED 
ASTABLE 
MULTIVIBRATOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



Frequency 
Control 1 
Frequency 
Control 2 


Frequency 

Comparator 
















MC3380P 


MAXIMUM RATINGS (T^ - +25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

vcc 

10 

Vdc 

Output Current - Pm 8 

'o 

100 

mA 

Power Dissipation (a T/\ = 25°C 

Pd 

300 

mW 

Derate above 25°C 


30 

mW/°C 

Operating Ambient Temperature Range 

Ta 

0 to +75 

°C 

Storage Temperature Range 

Tstg 

-55 to +125 

°C 


ELECTRICAL CHARACTERISTICS (T/^ = 25°C, V^c = 5.0 Vdc. unless otherwise noted 1 


EMITTER-COUPLED ASTABLE MULTIVIBRATOR 


Rise Time 

(C= 0.0034mF.RI =R2= 10l<n,f= 100kHz, Figure4) 


Fall Time 

(C= 0.0034/iiF,R 1 = R2= 10kn,f= 100kHz, Figure4) 


Toggle Frequency 

(C= 0 002;iF, R1 = R2= 10 k. Figures 2, 3,4) 


3-WATT REGULATOR 


Power Efficiency (Figure 5) 

( Vq = 200 Vdc @ 15 mAdc) 


Load Regulation (Figure 5) 
(Pout<3 0W) 


Line Regulation (Figure 5) 
(Vcc = 4 0-6.0 Vdc) 


Output Voltage (Figure 5) 


Output Current (Figure 5) 


Supply Voltage (Figures) 


Supply Current (Figure 6) 

(IpB = 0, Rl ^ “) 


Output Voltage High (Figure 6) 
do = 2.0 mA, Ifb = 250mA) 
do = 25 mA, IpB = 250pA) 


Output Voltage Low (Figure 6) 
do = -1 O mA, IpB = 600 fA) 




DC - DC CONVERTER 


Zener Bias Current (Figure 10) 

(Vcc = 5.0 Vdc, Vo > 2.4 Vdc) 

(Vcc = 5.0 Vdc, Vq < 0.4 Vdc) 

•FBI 

•FB2 

600 

- 

250 

mA 

pA 

Output Current (Figure 11) 

(Vcc “ 5.0 Vdc) 

•oh 

25 

35 


mA 

Output Resistance (Figure 12) 

(Vcc ~ Vdc, 1 q = -1.0 mA) 

*'o 

150 

220 

300 

n 

Shutdown Voltage (Figure 13) 

(Vo < 0.5 V) 1 

Vcc 


_ 

1.6 

V 

Supply Voltage (Figure 9) 


3.0 

- 

7.0 

V 

Differential Line Regulation (Figure 9) 

(AVcc = 3 0 to 7.0 Vdc) 

4Vreg 

-1.0 

- 

+1 0 

V 

Feedback Voltage (Figure 9) 

(Vcc “ 5.0 Vdc) 

Vf 

0.6 

- 

1.1 

V 

Voltage Efficiency (Figure 9) 

(Vcc = 5.0 Vdc, Eff(%) = (Vout^/O.S k) (lccHVcc)» 

— 

40 

- 

- 

% 
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FREQUENCY (Hz) 


IVIC3380P 


5 


FIGURE 2 - TYPICAL CAPACITANCE 
versus FREQUENCY 


FIGURE 3 - TYPICAL DUTY CYCLE 
and FREQUENCY CHARACTERISTICS 



FIGURE 5 - 3-WATT SWITCHING REGULATOR APPLICATION CIRCUIT 



5-144 


FREQUENCY (kHz) 


















Notes 

1. All resistor values in ohms, ± 1 %, 1/4 W 

2. All capacitor values in ^iF, - 20%, except * ± 5%. 

3. All inductors ± 4%. 












IV1C3380P 


DC - DC CONVERTER TEST CIRCUITS 


FIGURE 10 - ZENER BIAS CURRENT TEST 

Vcc 


FIGURE 11 - OUTPUT CURRENT TEST 

Vcc 




FIGURE 12 - OUTPUT RESISTANCE TEST 

Vcc 



FIGURE 13-SHUTDOWN VOLTAGE AND TEST 
(NOTE; Decrease Vcc until Vq < 0.5 V) 

Vcc 
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IVIC3380P 


FIGURE 14-TYPICAL APPLICATION AS MULTIPLE OUTPUT SWITCHING REGULATOR FOR USE WITH MPU'S 


. IN4933 1+ I 

.^2 ?^500mF ^IOOmF 


ooi_L JL10 


, IN4933_l + 
W3 ^ 


" IN4933 - 

Iw4 ^IOmF 


A1 = MC1741CP1 
T1 W1 = 30 Turns of 026 AWG 
W2 = 5 Turns of #20 AWG 
W3 = 3 Turns of #26 AWG 
W4 = 12 Turns of #26 AWG 
FERROXCUBE Pot Core #3019P-L00-387 
Air Gap « 0 010" 


TYPICAL PERFORMANCE 
pQutl = ^ Watts 
(Vq = 5 V ± 5%) 

5 V Ripple Component = 50 mV 
(120 Hz + 20 kHz) 

Pouts ' 600 mW 

(Vq = 12 V ± 10%) 

Pout3 “ 3 "'W 

(Vn = -3 V t 10%) 





MC3393P 


Advance Information 


TWO MODULUS PRESCALER 


The MC3393P can divide by 15 and 16, and can be used with 
Motorola CMOS frequency synthesizers MC145146, 52, 56 
for commercial AM-FM radio, land mobile and marine two- 
way radios, avionic radios, and scanner receivers. 

• 140 MHz (typ) Toggle Frequency 

• h-15/16 

• TTL and CMOS Compatible Output 

• Active Pullup and Pulldown 

• +5.0 V Supply 

• Buffered Clock Input 

• 100-400 mV (typ) Input Sensitivity 

• 200 Milliwatts (typ) 


TWO MODULUS 
PRESCALER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



FIGURE 1 — LOGIC DIAGRAM 



FIGURE 2 — TEST CIRCUITS 


0 001 
Input O—)[— 




Pin Outs 

1 Bias Decouple 

2 Bias Decouple 

3 Input 

4 Ground 

5 NC 

6 Input 

7 Output 

8 Vcc 


Capacitor Coupled Input 


Link Coupled Input 


This IS advance information and specifications are subject to change without notice. 
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MC3393P 


MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

6,0 

Vdc 

Input Mode Control Voltage 

V|CR 

10 

Vdc 

Junction Temperature 

Tj 

150 

°C 

Operating Temperature Range 

Ta 

-40 to +85 

°C 

Storage Temperature Range 

Tsta 

-65 to +150 

°C 


PRELIMINARY ELECTRICAL CHARACTERISTICS (Unless otherwise noted Vcc = +5 0 Vdc, Ta = 25°C, f,r, = 100 MHz) 


Characteristics 

Min 

Typ 

Max 

Units 

Power Supply Voltage 

4 5 

— 

5 5 

Vdc 

Current Drain 

— 

40 

— 

mA 

Input Voltage 

100 

— 

400 

mV(rms) 

Input Impedance Real Part 

— 

900 

— 

Ohms 

Capacitance 

— 

60 

— 

pF 

Mode Control Voltage for 15 Count 

27 


10 

Vdc 

Mode Control Voltage for 16 Count 

0 

- 

08 

Vdc 

Output High at 30 mA Source 

2 7 

43 

— 

Vdc 

Output Low at 1 6 mA Sink 

- 

03 

08 

Vdc 

Propagation Delay Time 

— 

25 

- 

ns 

Set up Time (16 to 15 Count) Measured before 

Rising Edge of Clock on Count 1 5 


20 

— 

ns 

Release Time (15 to 16 Count) Measured before 

Falling Edge of Clock Preceding Count 15 


15 

_ 

ns 

Thermal Resistance, Rgjc 

- 

100 

- 

°c/w 


B-14Q 














































MCCF3326 


Advance Information 


AUTOMOTIVE VOLTAGE REGULATOR 
FLIP-CHIP 

... designed for use in conjunction with an NPN Darlington 
transistor in a floating field alternator charging system. 

• Overvoltage Protection 

• Shut Down on Loss of Battery Sense 

• Adjustable Temperature Coefficient 


FLIP-CHIP 

AUTOMOTIVE VOLTAGE 
REGULATOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


MAXIMUM RATINGS 


Rating 


Current Into Pin 5 


Current Into Pin 4 


Current Into Pin 3 


Current Into Pin 6 


Current Into Pin 2 


Junction Temperature 


Operating Temperature Range 


Storage Temperature Range 



Value 


50 


20 


120 


50 


50 


150 


-40 to +85 


-65 to +150 




;;; JirWlW 

ifer, HI 

III'.'!'-ISi' A 

x'zd . 

.„n0i6C> 


SOLDER BUMP CONNECTIONS 


o 

0 

© 

© 

0 

© 


1 - GND 

2 — Output 

3 — Output Drive Adjust 

4 — Overvoltage Sense and Battery Sense Loss 

Detect 

5 — Battery Sense 

6 - Diode TC Adjust 
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MCCF3326 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise specified) 

_ Characteristic _ Figure Symbol Min Typ Max Unit 

Diode TC Adjust 1 Vg 7.9 - 8.8 V 

(Threshold Voltage on Pin 6 ) 

Battery Sense 1 Vg 11.8 - 13.3 V 

(Threshold Voltage on Pin 5) 

Overvoltage Sense and Battery Sense Loss Detect 2 I 4 — — 600 uA 

(Threshold Current Into Pin 4) 

Overvoltage Sense and Battery Sense Loss Detect 2 V 4 7.4 - 9.7 V 

(Threshold Voltage at Pin 4, I 4 < 400 /lA) 

Output Drive Adjust 3 V 3 1.4 — 2.0 V 

(Voltage Drop from Pin 3 to Pin 2, I 3 = 10 mA) 


Low State Output Voltage at Pin 2 4 V 2 — — 0.7 V 

(I 4 = 12 mA. I 3 = 120 mA) 



FIGURES FIGURE 4 


in mA 19 mA --- 1 9n mA 











































MCCF3326 


APPLICATIONS CIRCUIT INFORMATION 


R1 Determines the temperature coefficient by 
setting the value of current in the diode string. 
As the value of R1 decreases, so does the 
effective TC. R1 should be chosen so that the 
current in the diode string is between 0.5 mA 
and 1.0 mA. 

R5 This resistor determines the V^gg voltage as 
approximated by the following equation; 

Vreg=(1 ) 8.4 + n(0.7) 
n = number of diodes used in diode string = 6 

R4 Used as a current limiting resistor on pin 4 in 
case of overvoltage at the diode trio, or an open 
battery voltage sense lead. Voltage at pm 4 will 
run approximately 8.6 volts. R4 should be 
chosen so that the current (I 4 ) at maximum 
overvoltage is between 2 mA and 6 mA. 


R3 This resistor determines the output drive cur¬ 
rent. Refer to specifications for the Darlington 
driver and select the value for R3 that will pro¬ 
vide enough drive to the output when the diode 
trio voltage is at a minimum. 

, , Vmin-2-8V 

‘^'■ive R3-(-10n 

R 6 This resistor in conjunction with R4 is used to 
set the maximum overvoltage 

,, ^ , R4 -I- R 6 

Maximum Overvoltage = ——— ( 8 . 6 ) 

R 6 

R2 Used for compensation 
(Approximately 3 kfi) 

Cl, C2 Used for compensation 

(Approximately 0.01 juF) 


FIGURE 5 - APPLICATIONS CIRCUIT 
To 

Diode Tno 


To 

Alternator 

Field 



BONDING D AGRAM AND DEVICE 0 MENSIONS 



0.006 t 0.001 6 places 

Bump Height. 0.0040 ± 0.0005 


PACKAGING AND HANDLING 

The flip-chip consists of a silicon chip with 
solder bumps on the geometry surface to provide 
easy mechanical mounting and electrical connec¬ 
tion. These devices are protected by a thin layer of 
phosphorsilicate passivation which covers the inter¬ 
connect metalization and active areas of the die. 

Care must be exercised when removing the dice 
from the shipping carrier to avoid scratching the 
solder bumps. A vacuum pickup is useful for the 
handling of dice. Tweezers are not recommended 
for this purpose. 

The non-spill type shipping carrier consists of a 
compartmentalized tray and fitted cover. Die are 
placed in the carrier with geometry side up. 
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MCCF3333 


FLIP-CHIP 

VARI-DWELL IGNITION CIRCUIT 

. . . designed for use in conjunction with a flux averaging sensor and 
a high energy ignition coil to provide regulated current pulses to 
the coil from information supplied by the sensor. 

• Wide Supply Voltage Operating Range (4 to 24 V) 

• Externally Adjustable Overvoltage Shutdown 

• Externally Adjustable Dwell Time and Spark Energy 

• Extremely Stable Output Current Pulses 

• Variable Input Threshold Compensates for Low Supply 

Voltage Conditions 

• Low Static Current Drain 

• Also Available in Plastic Package (MC3333P) and Standard Chip 

(MCC3333) Form 


VARI-DWELL 
IGNITION CIRCUIT 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



FIGURE t - BLOCK DIAGRAM 


Vcc S2 




Input Comp, with 
Hysteresis 


Clamp, Bias and 
References 


Current Sense 
and Regulator 




























MCCF3333 



ELECTRICAL CHARACTERISTICS (Vcc = 14 5 V. = 25°C unless otherwise specified; Figure 2 ) 
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MCCF3333 


FIGURE 3 - TYPICAL APPLICATION CIRCUIT 


14 5 V 



Notes 

1. The ratio of to Rg controls the ignition coil regulated current: 

/Ra + Rb\ 

'coil ~ 3 ® (-- j Ra + Bb ~ 

2. The ratio of Rq to Rq sets the over-voltage shutdown point with respect to B-t*. 

_ _ _ _ 

^■•■overvoltage ^ ® \ J 

3. Rg IS active region dwell control. Rg = 70 kH results in output current limit time of approximately 
10% at 1000 RPM (with respect to one distributor cycle m an 8 cylinder engine). Values less than 
70 kn lengthen this limit time and values higher shorten this limit time. 

4. The 0.1 capacitor at pin 4 may be eliminated and stability maintained. A readjustment of the 
R/\ and Rg resistors will be required. 










MCCF3333 


MCCF3333 

BONDING DIAGRAM AND DEVICE DIMENSIONS 
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1 
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1 
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— 0 0194 -|- 0.0203-- 
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-0 0141*-- 

-0.0172 — 
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PACKAGING AND HANDLING 


The flip-chip consists of a silicon chip with solder 
bumps (90-10 solder on a chrome-copper-gold base) on 
the geometry surface to provide easy mechanical mount¬ 
ing and electrical connection. These devices are protected 
by a thin layer of phosphorsilicate passivation which 
covers the interconnect metallization and active areas of 
the die. 


Care must be exercised when removing the dice from 
the shipping carrier to avoid scratching the solder bumps. 
A vacuum pickup is useful for the handling of dice. 
Tweezers are not recommended for this purpose. 

The non-spill type shipping carrier consists of a com¬ 
partmentalized tray and fitted cover. Dice are placed in 
the carrier with geometry side up. 






FIGURE 1 - TYPICAL APPLICATION AND TEST CIRCUIT 


228kHz O ■—■■“I O Q2 
Monitor pg 220pF 

fW— 

P^y^ R1 
•i-^5k 10k 


Input O—I (— 
2mF= 


) Separation Control 
and 19kHz Output 


0.22mF Stereo 


16 15 14 13 12 11 10 9 


PIN FUNCTIONS 

1 — Input 

2 — Preamplifier output 

3 — Left amplifier input 

4 —^ Left channel output 

5 — Right channel output 

6 — Right amplifier input 

7 — Stereo indicator Lamp 

8 — Ground 

9 — Stereo switch filter 
10 — Stereo switch filter 
11—19 kHz output/blend 

12 — Modulator input 

13 — Loop filter 

14 — Loop filter 

15 — Oscillator RC network 

16 — Vqq 


L R + Vcc 
Outputs 


This is advance information and specifications are subject to change without notice 
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TCA4500A 


MAXIMUM RATINGS (T/\, = +25°C unless otherwise noted) 


Rating 

Value 

Unit 

Power Supply Voltage 

16 

Volts 

Power Dissipation (Package limitation) 

1800 

mW 

Derate above = +25°C 

15 

mW/oC 

Operating Temperature Range (Ambient) 

-40 to +85 

°C 

Storage Temperature Range 

—65 to +150 

°c 

Lamp Drive Voltage (Max. voltage at pm 7 with lamp "off") 

30 

Volts 

Lamp Current 

100 

mA 

Blend Control Input Voltage (pin 11) 

10 

Volts 


ELECTRICAL CHARACTERISTICS Unless otherwise noted Vqq - +12 Vdc, = 25^C, 2 5 Vp-p standard multiplex composite sig¬ 


nal with Lor R channel only modulated at 1 0 kHz and with 10%pilot level, using circuit of Figure 1. 


Characteristic 

Min. 

Typ. 

Max. 

Unit 

Stereo Channel Separation Unadjusted 

30 

_ 


dB 

Optimised on other channel ^ 

40 

- 

- 


Monaural Voltage Gain^ 

08 

1 0 

1 2 


THD at 2.5 Vp-p Composite Input Signal 

_ 

_ 

03 

% 

at 1.5 Vp-p Composite Input Signal 

- 

0.2 

- 


Signal/Noise Ratio 




dB 

RMS 20 Hz ■ 15 kHz 

- 

90 

- 


Ultrasonic Frequency Rejection 19 kHz 

_ 

31 

- 

dB 

38 kHz 

- 

50 

- 


Stereo Switch Level (19 kHz input level for lamp "on”) 

12 

16 

20 

mVrms 

Hysteresis 

- 

6 0 

- 

dB 

Quiescent Output Voltage Change with Mono/Stereo Switching 

- 

5 0 

20 

mVdc 

Stereo Blend Control Voltage (pm 11) 3 dB Separation 

- 

0.7 

- 

V 

(see Fig 2) 30 dB Separation 

- 

1.7 

- 

V 

Minimum Separation (pin 11 at 0 V) 

- 

- 

1 0 

dB 

Monaural Channel Imbalance (pilot tone off) 

- 

- 

0.3 

dB 

ARI 57 kHz Pilot Tone Influence on THd2 

- 

- 

0 5 

% 

Sub-carrier Harmonic Rejection 76 kHz 

- 

45 

- 

dB 

114 kHz 

- 

50 

- 


152 kHz 

- 

50 

- 


Supply Ripple Rejection 

- 

50 

- 

dB 

Input Impedance 

- 

50 

- 

Kn 

Output Impedance 

- 

100 

- 

n 

Blend Control Current^ 

- 

- 

-300 

mA 

Capture Range 

- 

±5 0 

- 

% 

Operating Supply Voltage 

8.0 

- 

16 

V 

Current Dram (lamp off) 

- 

35 

- 

mA 


Notes ^ See Applications Information and Circuit Description 

2 ARI Test — Input signal' 1.5 Vp-p standard composite signal, 1 kHz modulation added to a CW 50 mVrms signal at 57.3 kHz. 
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THD(%) PILOT LEVEL (mVrms) CHANNEL SEPARATION (dB) 


TCA4500A 


TYPICAL CHARACTERISTICS 

Unless otherwise noted Vqq = +12 V, T/^ = +25°C, Input Signal is Modulated L or R with 10% Pilot Level. (See Fig. 16 ) 

' ■ High Loop Gain Circuit 

“ ~ . Normal Circuit 

FIGURE 2 - CHANNEL SEPARATION versus FIGURE 3 - VcqFREE-RUNNING FREQUENCY 


COMPOSITE INPUT LEVEL 


versus TEMPERATURE 



05 10 15 20 25 30 

COMPOSITE INPUT SIGNAL IVp p) 



-60 -40 -20 0 20 40 50 80 100 120 140 

TEMPERATURE (“O 


FIGURE 4 - STEREO SWITCH LEVEL versus 

Vco free-running frequency 



18 19 20 

FREQUENCY (kHz) 


FIGURE 5 - SUPPLY RIPPLE REJECTION 
versus SUPPLY VOLTAGE 
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FIGURE 6 - THD versus COMPOSITE 
INPUT LEVEL 



0 10 20 30 40 50 

COMPOSITE INPUT SIGNAL (Vp-p) 


FIGURE 7 - CAPTURE and HOLDING RANGE 
WITH 20 mV PILOT LEVEL 
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Vco FREE-RUNNING FREQUENCY (kHz) 
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CHANNEL SEPARATION (dB) 


TCA4500A 


FIGURE 8 - CHANNEL SEPARATION 
versus FREQUENCY 


FIGURE 9 - THD versus FREQUENCY 


HHIIIIII 

■l■■llllll■■■mllllH 

■■■mill 




IIKSMIIIIIIH 

■■■mill 

aaniiii 

IIHKSillllim 

mniiKii 

■■■ISlil 

BHHII 


HHIII 

imnmm 

■■■mill 




^■mi 


■■■mm 

■i^mi 

iiH^miiim 

m^miii 

m^mi 

iim^Biiiiiim 

IHHIIIIII 

Hmii 

ll■l■■lllllm 

^■miii 

HMIII 

iHmiiiim 

■■{■mm 

H^mi 

iiHHiiiiiim 


■mill 

imHiiiiiim 


m^miiii 

^■■iiiii 

m^Hiiii 

mmiiiiiiH^Biii||i 

■l■■lllllm■■lllil 

■l■■llllll■■■■lln: 

■ 

mi 

^■■iiiii 

HuiiiiiimiHiKaii 

■1 

■■■■mil 

nMiiimmiBBMiiii 

■I 

HHIIIIII 

■■BillllllBMIlllll 


mHBiiiii 

mHBilllllHHHBIIIII 

m 

mmiiii 

^■■lll 

ll■l■■lllll 

m 

HHBIIIII 

^■■lll 

ll■l■■lllll 

m 

m^Biiiii 

m^Biii 

ll■l■■lllll 

m 

■■■■iiiii 

HHilll 

ll■■■■lllll 

■■ 

miBBiiiii 

■■■■III 

im^iiiiii 

■■ 

^■■iiiii 

■■■■III 

ll■■■■lllll 

■■ 

■■■■IIIII 

■■■■III 

ll■■■■lllll 



FREQUENCY (Hr) 


FREQUENCY (Hr) 


Pre- 

Amplifier 


Modulator 

1 


Modulator 

2 


FIGURE 10 - SYSTEM BLOCK DIAGRAM 
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TCA4500A 


CIRCUIT DESCRIPTION 


INTRODUCTION 

The TCA4500A is a phase-lock-loop stereo decoder 
which incorporates a variable separation control, and in 
which sensitivity to the third harmonics of both the pilot 
and sub-carrier frequencies has been eliminated by the use 
of appropriate, digitally generated,waveforms in the phase- 
lock-loop and decoder sections. 

The variable separation control may be operated 
manually, or by a receiver's AGC or S meter signals, to 
provide smooth transitions between monaural and stereo 
reception. It operates only during stereo reception: the 
circuit switches automatically to monaural if the 19 kHz 
pilot tone is absent. 

The elimination of sensitivity to the third harmonic 
(114 kHz) of the sub-carrier (38 kHz) excludes interference 
from the 100 kHz (European Spacing) spaced side bands 
of adjacent transmitters, while elimination ot sensitivity 
to the third harmonic (57 kHz) of the pilot tone (19 kHz) 
excludes interference from the ARI* system employed in 
Europe. 

*Auto Radio Information. 

CIRCUIT OPERATION 

The block diagram of the circuit, shown in Fig. 10, 
consists of three sections: the phase-lock-loop, including 
the digital waveform generator: the stereo switch: and the 
decoder, in which the composite stereo signal is demodu¬ 
lated and matrixed to separate L and R channels. 

In the phase-lock-loop the internal RC oscillator, 
operating at 228 kHz, feeds a 3 stage Johnson counter, via 
a binary divider, to generate a series of 19 kHz square 
waves. By the use of suitably connected NAND and EX¬ 
CLUSIVE OR gates, the waveforms shown in Fig. 11, 
which are used to drive the various modulators in the cir¬ 
cuit, are developed. 

The use of such drive waveforms produces the modu¬ 
lating functions also shown in Fig. 11. The usual square- 
waveforms have been replaced in the PLL and decoder 
sections by 3-level forms which contain no third harmonic 
(actually no harmonics which are multiples of 2 or 3 are 
present). This eliminates the frequency translation of 
interference from these bands into the low frequency 
region. Such translation may produce audible components 
in the decoder section from the sidebands of adjacent 
channel FM signals, and may produce phase jitter, and 
consequent intermodulation distortion, in the PLL, from 
the modulated 57 kHz tones of the ARI system. The TCA 
4500A is inherently free from these effects. 

The stereo switch section is of conventional form 
(e.g. MC1310). 

The decoder section consists of a modulator (driven 
by the waveforms shown in Fig. 11) whose outputs are 
the inverted and non-inverted channel difference signals. 
These signals pass to the output amplifiers via the variable 


blend circuit in which they are partially combined and 
hence mutually attenuated, according to the control 
voltage applied. 

Matrixing occurs at the inputs of the output amplifiers, 
where the unmodified composite signal is added to the 
blended channel difference signals. The stereo separation 
may be progressively reduced from maximum to zero, 
dependent on the blending. The control law has been 
made non-linear, as the major redistribution of sound 
energy occurs at very low separation levels. For monaural, 
or very weak stereo signals, the modulator in the decoder 
section is disactivated by the stereo switch circuit. The 
variable separation control is thus, also, automatically 
disabled. 


FIGURE 11 - DIGITAL WAVEFORM 



APPLICATION INFORMATION 

GAIN AND DE-EMPHASIS 

The gain and de-emphasis characteristics of the circuit 
are defined by shunt feedback via the external RC networks 
(R3, C6, R4, C7 of Fig. 1) around the output amplifiers. 
The gam is unity when resistors of 5.1 kJ2 are used. 
Higher gains may be obtained by using networks of the 
form shown in Fig. 12. 

The resistors R6, R7 are added to correct the output 
quiescent voltage levels which are optimized for R3, R4 = 
5.1 kJ2 and which would, if uncorrected, become too low 
with higher value resistors. Suitable network values are 
as follows: 


FIGURE 12 - OUTPUT AMPLIFIER FEEDBACK NETWORKS 
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TCA4500A 


APPLICATION INFORMATION (continued) 


Gain (dB) 

R3, R4 

C6, C7 

R6, R7 



50 m 

75 MS 


0 

B.lkn 

lOnF 

15 nF 


3 

6 Skn 

6.8 nF 

10 nF 

47k ±10% 

6 

10k 

4.7 nF 

6 8 nF 

27k ±10% 


The maximum output level is 1 Vrms, consequently the 
max. input is limited to 1.4 Vp-p if the gain is set to 6 dB. 


SEPARATION ADJUSTMENT 

A separation adjustment may be added, as shown 
below, (Fig. 13), to compensate for the receiver's IF 
characteristics. 

FIGURE 13 - NETWORK PROVIDING 
ADJUSTABLE SEPARATION 


VARIABLE SEPARATION (BLEND) CONTROL AND 
19 kHz OUTPUT 

To retain the 16-pin package, the blend control has 
been combined with the 19 kHz output on pm 11. The 
internal circuit providing this combination is shown in 
Fig.14. 

If pin 11 IS left open-circuit, the 19 kHz signal appears 
at a mean dc level of 4 V. The blend circuit is inoperative 
at this level and the decoder provides full separation. The 
19 kHz signal can be used to tune the internal oscillator. 

To reduce the separation, the voltage on pin 11 is 
lowered. At 3.2 V, T2 ceases conduction and the 19 kHz 
signal disappears. 

At 2.3 V, the blend circuit comes into operation and 
the separation decreases according to the curve shown in 
Fig. 15. 


Pin 2 



This network reduces the amplification of the channel 
sum signal in the decoder, to compensate the attenua¬ 
tion of the channel difference signal in the receiver's IF 
section. The network shown will compensate for up to 2 
dB attenuation at 38 kHz. The decoder gain is, obviously, 
reduced by an amount equal to the compensation required. 
When used as described, the adjustment also corrects the 
inherent separation of the decoder, which may be op¬ 
timized on one channel. Optimization of both channels 
is possible if separate potentiometers are used to feed 
each output amplifier. 


FIGURE 14 - BLEND CONTROL INPUT CIRCUIT 



FIGURE 15 - SEPARATION CONTROL VOLTAGE 



FIGURE 16 - OSCILLATOR NETWORK FOR DIRECT 
FREQUENCY MEASUREMENT 



OSCILLATOR TUNING 

If the variable separation facility is not required, pin 11 
is left open-circuit and the 19 kHz signal which then 
appears may be used to indicate the oscillator frequency. 
If the variable separation is used, and the drive circuit pre¬ 
vents access to the 19 kHz signal, then the oscillator 
frequency must be measured directly. A test point should 
be obtained by modifying the oscillator RC network as 
shown in Fig. 16. 
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TCA4500A 


The output is a pulse train of approximately 1.5 Volts 
amplitude. Connecting frequency counters of up to 300 
pF input capacitance produces less than 0.3% change of 
the oscillator frequency, which should be set to 228 kHz. 

HIGH LOOP GAIN COMPONENTS 

For applications demanding operation under low pilot 
level (e.g., car radio) the following component changes to 
Fig. 1 are recommended. 

R1 = 12k C3=150pF 

R2=1.5k C4 = 330nF 

R8 = 330 C5=150nF 

PI = 10k 

EXTERNAL MONO-STEREO SWITCHING AND 
OSCILLATOR KILLING 

If required, the TCA 4500A can be forced into mono 
mode simply by grounding pm 9 (see Fig. 1). The 228 
kHz oscillator will be automatically killed. 

The conditions governing Mono/Stereo switching on 


pin 9 are the following: 

— Quiescent voltage: -^•2.3 Vdc 

— Current required to ensure mono operaton (with 100 
mVrms pilot level): lOpA (from pin 9 to ground) 
Hysteresis: 0.7 /jA 

— Stereo/mono switching and oscillator killing: less than 
+500 mV 

— Maximum stray capacitance between pin 9 and ground. 
100 pF 

EXTERNAL COMPONENT FUNCTIONS 

PI — 19 kHz frequency adjustment 
P2 — channel separation adjustment and compensa¬ 
tion for IF roll-off 

R3, R6— gain fixing resistors. The values shown in the 
schematic are for unity gain. 

C6, C7— de-emphasis capacitors Value to give: RC = 
50 ps. 

Values shown in Fig. 1 are recommended for applications 
with input level higher than 1.0 Vrms. 
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TDA1190Z 

TDA1190P 


TV SOUND SYSTEM 

The TDA1190Z 4.0 watt sound system is designed for television 
and related applications. The TDA1190P is a low-power version. 
Functions performed by these devices include: IF Limiting, IF 
amplifier, low pass filter, FM detector, DC volume control, audio 
preamplifier, and audio power amplifier. 

• 4.0 Watts Output Power - TDA1190Z 

(Vcc = 24V, Rl = lefl) 

• 1.3 Watts Output Power — TDA11 OOP 

(Vcc= 18 V. Rl = 32 n) 

• Linear Volume Control 

• High AM Rejection 

• Low Harmonic Distortion 

• High Sensitivity 



TV SOUND SYSTEM 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



IF Input Cl 

10 

16 

Daemphasis 

Decoupling [| 

2 

15 

] Ripple Rejection 

Decoupling /— 

3 

14 

—t Supply Voltage 

Ground 



Ground 

Phase Shift C 

6 

11 

] Output 

Phase Shift 

7 

10 

> Compensation 

DC Volume [ 

8 

9 

] Gain 

PLASTIC PACKAGE 


CASE 722A 



Ph»e Shift I 
DC Volume . 
Control 


T" 

16 

2 

15 

3 

14 

4 

13 

5 

12 

6 

11 

7 

10 

8 

g 


Doemphasis 
Ripple Rejection 
Supply Voltage 


I Output 
I Companaatlon 
I Gain 


PLASTIC PACKAGE 
CASE 648 


ORDERING INFORMATION 


Device 


TDA1190Z, P 


Temperature Range I Package 


0 to +76°C 



























TDA1190Z, TDA1190P 


MAXIMUM RATINGS 


Rating 

Symbol 

TDA1190Z 

TDA1190P 


Supply Voltage Range 

Vcc 

9.0 to 28 

9.0 to 22 

V 

Output Peak Current (Non-repetitive) 

*0 

2.0 

1.5 


(Repetitive) 


1.5 

1.0 


Input Signal Voltage 

V| 

1.0 


Operating Temperature Range 

Ta 

0 to +75 


Junction Temperature 

Tj 

150 



ELECTRICAL CHARACTERISTICS (Vcc = 24 V, fp = 4.5 MHz, Af = i25 kHz. ° 25°C unless otherwise noted.) 


Characteristic 

Symbol 

Min 

Typ. 

Max. 

Unit 

Quiescent Output Voltage (pin 11) 


Vo ' 




V 

Vcc = 24 V 

TDA1190Z 


11 

12 

13 


Vcc= 18 V 

TDA1190P 


8.0 

9.0 

10 


Vcc = 12 V 

Both 


5.1 

6.0 

6.9 


Quiescent Drain Current 


•d 




mA 

(PI = 22 kn) 







Vcc = 24 V 

TDA1190Z 


11 

22 

35 


Vcc= 18 V 

TDA1190P 


11 

22 

35 


Vcc= 12 V 

Both 


- 

19 

- 


Output Power 


Po 




W 

(d = 10%,fm =400 Hz) 







Vrr = 24 V. Ri = 16 O 

TDA1190Z 


- 

4.2 

- 


Vcc = 12V, R|. = 8.0n 

TDA1190Z 


- 

1.5 

- 


Vcc= 18 V, RL = 32n 

TDA1190P 


1.0 

1.3 

- 


Vcc= 12 V, Rl“ 16 0 

TDA1190P 


0.7 

0.9 

- 


(d = 2%, fm = 400 Hz) 







Vcc = 24 V, Rl= 16 0 

TDAIigOZ 


- 

3.5 

“ 


Vcc=12V, Rl = 8.0 0 

TDA1190Z 


- 

1.4 

- 


Vcc= 18 V, Rl = 32 0 

TDA1190P 


“ 

1.0 

- 


Vcc= 12 V, Rl= 16 0 

TDA1190P 


- 

0.7 

- 


Input Limiting Threshold Voltage (-3.0 dB) at pin 1 

V| 




mV 

Af = ±7.5 kHz, fm = 400 Hz, Set PI for 2.0 Vrms on pin 11 







TDA1190Z 


- 

40 

100 



TDAIigOP 


- 

60 

100 


Distortion 






% 

(Pq = 50 mW, fm = 400 Hz, Af 

±7.5 kHz) 






Vcc = 24 V, Ru= 16 0 

TDA1190Z 


- 

0.75 

- 


Vcc = 18 V, Rl= 32 O 

TDA1190P 


- 

1.0 

- 


Vcc = 12 V, Rl = 16 O 

Both 


- 

1.0 

- 


Frequency Response of Audio Amplifier (-3.0 dB) 

B 




Hz 

(Rl= 16 0, C.,q= 120 pF,C ,2 

= 470pF, P^ = 22 kn) 






Rf = 82 O 



- 

70 to 12 k 

— 


Rf = 47 0 



- 

70 to 7.0 k 

- 


Recovered Audio Voltage (pin 16) 


Vo 

- 

120 

- 

mV 

(V| > 1 mV, fm = 400 Hz, Af = 

±7.5 kHz, Pi = 0) 






Amplitude Modulation Rejection 


AMR 

- 

55 

- 

dB 

(V| > 1.0 mV, fm = 400 Hz, m = 

30%) 






Signal and Noise to Noise Ratio 


S + N 

50 

65 

- 

dB 

(Vj > 1.0 mV, Vo = 4.0 V, fm = 

400 Hz) 

N 





Input Resistance (pin 1) 



- 

30 


kn 

(V| = 1.0 mV) 







Input Capacitance (pin 1) 


Cj 

- 

5.0 

- 

pF 

(V| = 1.0 mV) 







DC Volume Control Attenuation 


- 

- 

90 

- 

dB 

(PI = 12 kO) 






















































































TDA1190Z, TDA1190P 


TEST CIRCUIT 



TYPICAL CIRCUIT CONFIGURATION 




























TDA2002 

TDA2002A 


8 WATT AUDIO POWER AMPLIFIER 


The TDA2002 and TDA2002A are Class B power amplifiers 
designed for automotive and general-purpose audio applications. 
High output current capability (3.5 A) enables these devices to drive 
low-impedance loads (down to 1.6 fZ) with low harmonic and 
crossover distortion. High-voltage protection is available (TDA2002) 
which enables the amplifier to withstand 40 V transients. These 
devices provide an output power of 8 watts (typ) with R|_ = 2 
and 4.8 watts (mm) with Rl = 4 H at 14.4 volts 

• Internal Thermal Overload Protection 

• Internal Short-Circuit Current Limiting 

• Supply Over Voltage Protection 

• Wide Supply Voltage Range (8—18 Volts) 

• Low External Component Count 


AUDIO POWER 
AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 




PIN CONNECTIONS 


+ Inputs 
- input 
Ground — 
Output 

+ Vcc' 




ORDERING INFORMATION | 

Device 

Temperature Range 

Plastic Package 

TDA2002H ' 

-40 to4-85°C 

Case 314A 

TDA2002V • 

-40 to -i-SBOC 

Case 314B 

TDA2002AH 

-40 to ■i-85°C 

Case 314A 

TDA2002AV 

-40 to t-85°C 

Case 314B 

I •High Voltage | 
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TDA2002, TDA2002A 


MAXIMUM RATINGS (t^ - +25°c) 


Rating 

Value 

Unit 

Peak Supply Voltage 


V 

TDA2002 (Transients of 50 ms or less) 

40 


TDA2002/2002A (Steady State) 

28 


Operating Power Supply Voltage 

18 

V 

Peak Output Current (Nonrepetitive) 

4 5 

A 

(Repetitive) 

3.5 


Junction Temperature 

150 

°C 

Storage Temperature Range 

-65 to +150 

OC 

Operating Temperature Range 

-40 to +85 

°C 


ELECTRICAL CHARACTERISTICS ( Vcc - 14 4 Vdc, Rl - 4 O n, f = 1 0 kHi, = 25°C unless otherwise noted) • 


Characteristic 

Symbol 

Min 

Typ 

Max 

Unit 

Quiescent Drain Current 

•d 

_ 

_ 

80 

mA 

< 

5 

o 






Quiescent Output Voltage 

Vo 

6.4 

7.2 

8.0 

V 

(V,n = 0) 






Power Output — 10% Distortion 





W 

(Vcc= 14.4 V,Rl = 4.0 U) 



5.2 

- 


(Vcc = 14.4 V, Rl ■= 2.0 St) 



SO 

- 


(Vcc= 16 V, RL = 40St) 



6.5 

- 


(Vcc= 16 V, Rl = 2.0 St) 



10 

- 


Input Resistance 

fi 

70 

150 

_ 

kSi 

(Pin 1) 






Equivalent Input Noise Voltage 

en 

- 

4 

- 

mV 

(Rg = 0, Bandpass = 20 Ht to 15 kHz) 






Equivalent Input Noise Current 


- 

0 1 

- 

nA 

(Rs = 0, Bandpass = 20 Hz to 15 kHz) 






Power Supply Reiection Ratio 

PSRR 

30 

35 

- 

dB 

^^ripple “ 






•See Test Circuit — Figure 1 . 


FIGURE 1 - APPLICATION AND TEST CIRCUIT 


+ Vcc =14 4 V 
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ijAVitii: 


iJiVilH! 


FIGURE 2 - 15 WATT APPLICA 

(Typical Bridge Configui 



Note’ The TDA2002, A is not compensated for operation with a closed h 
20 may cause stability problems. 
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OTHER LINEAR CIRCUITS 


Temperature Range 


0 to 70°C 

-55 to 125°C 

Other 


Page 

_ 

_ 

CA3059 

Zero Voltage Switch . 

.. 6-6 

— 

— 

CA3079 

Zero Voltage Switch . 

.. 6-6 

MC1422 

— 

— 

Timing Circuit with Adjustable Threshold. 

.. 6-11 

MC1438 

MCI 538 

— 

Power Booster . 

.. 6-18 

MCI 445 

MCI 545 

— 

Wideband Amplifier . 

6-24 

— 

MCI 550 

— 

RF-IF Amplifier. 

.. 6-30 

— 

MCI 552-53 

— 

Video Amplifier . 

.. 6-36 

MCI 454 

MCI 554 

— 

1 -Watt Power Amplifier. 

.. 6-40 

MC1455 

MCI 555 

— 

Timing Circuit. 

.. 6-44 

— 

MCI 590 

— 

Wideband Amplifier with AGC. 

.. 6-51 

MCI 494 

MCI 594 

— 

Four-Quadrant Multiplier . 

.. 6-60 

MC1495 

MCI 595 

— 

Four-Quadrant Multiplier . 

.. 6-74 

MC1496 

MC1596 

— 

Balanced Modulator-Demodulator . 

.. 6-90 

MC1733C 

MC1733 

— 

Differential Video Amplifier . 

.. 6-100 

— 

— 

MC3344 

Programmable Frequency Switch. 

.. 6-108 

— 

_ 

MC3370 

Zero Voltage Switch . 

.. 6-113 

MC3405 

MC3505 

— 

Dual Operational Amplifier plus Dual Comparator .. 

.. 6-117 

MC3423 

MC3523 

— 

Overvoltage Sensing Circuit. 

.. 6-125 

MC3456 

MC3556 

— 

Dual Timing Circuit. 

.. 6-131 

NE565 

— 

_ 

Phase-Locked Loop. 

.. 6-138 

NE592 

SE592 

— 

Video Amplifier . 

.. 6-142 
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HIGH FREQUENCY 
AMPLIFIERS 


/i variety of high-frequency circuits with features ranging from low-cost simplicity to multi-function 
versatility marks Motorola's line of integrated RF/IF amplifiers. Devices described here are intended 
for industrial and communications applications. For devices especially dedicated to consumer products, 
i.e., TV and entertainment radio, see “Circuits for Consumer Applications". 


NON-AGC Amplifiers 

SE/NE592 — Differential Two Stage Video Amplifier 
A monolithic, two state differential output, wide¬ 
band video amplifier. It offers fixed gains of 100 
and 400 without external components and ad¬ 
justable gains from 400 to 0 with one external 
resistor. The input stage has been designed so that 
with the addition of a few external reactive ele¬ 
ments between the gain select terminals, the 
circuit can function as a high pass, low pass, or 
band pass filter. This feature makes the circuit 
ideal for use as a video or pulse amplifier in 
communications, magnetic memories, display and 
video recorder systems. 


AGC Amplifiers 

MC1550 — Low Cost Building Block 

Single-stage cascade connected amplifier with 
delayed AGC characteristics, for operation at 
frequencies to 100 MHz. Has typical power gain of 
25 dB (a 60 MHz. 

IVIC1545/MC1445 - Gated 2-Channel Input 

Differential input and output amplifier with gated 
2-channel input for a wide variety of switching 
purposes. Typical 75 MHz bandwidth makes it 
suitable for high-frequency applications such as 
video switching, FSK circuits, multiplexers, etc. 
Gating circuit is useful for AGC control. 


MC1733/MCI733C — Video Amplifier 

Differential input and output amplifier provides 
three fixed gain options with bandwidth to 120 
MHz. External resistor permits any gain setting 
from 10 to 400 v/v. Extremely fast rise time (2.5 
ns typ) and propagation delay time (3.6 ns typ) 
makes this unit particularly useful as pulse ampli¬ 
fier in tape, drum, or disc memory read applications. 


MCI 590 — Wide-Band General Purpose 

Has differential inputs and outputs with unneu¬ 
tralized power gain as high as 35 dB typical at 100 
MHz in tuned amplifier service. Effective AGC 
voltage range from 5 to 7 volts for a 30 dB gain 
reduction. 

Electrical Specifications 


MC1552/MC1553 — Low Distortion Amplifier 

A high performance amplifier with internal series 
feedback for stable voltage gam and low distortion. 
Temperature compensation stabilizes operating 
point. Has selectable gain option and well charac¬ 
terized data that permits accurate response shaping. 
Useful for critical applications such as wideband 
linear amplifiers or fast-rise pulse amplifiers. 


Package Styles 


AGC AMPLIFIERS 


Operating 
Temperature Range 

Band 
Av width 

dB MHz 

Vcc/ 

Vee 

Vdc 

Casa 

-55 to 
+125°C 

0 to 
+75°C 

MC1550 

_ 

22 Min 22 

+6/- 

6038,606 

MCI 590 

- 

44 Typ (s> 10 

4 Typ (s> 100 

+ 12/- 

601 

MCI 545 

MC1445 

19 Typ (s> 75 

+5/-5 

603.607 
632 


NON AGC AMPLIFIERS 


MCI 733 

MC1733C 

52 @> 40 

40 90 

20 120 

+6/-6 

603,632 

MCI 653 

MC1552 

- 

46 @ 35 

52 15 

+6/-6 

6038 

34 @ 40 

40 @ 35 

+6/-6 

6038 

SE592 

NE592 

55 <§> 40 

45 @ 90 

+6/-6 

603,632 



CASE 

601 

603 

6038 

606 

607 

632 

MATERIAL 

Metal 

Metal 

Metal 

Ceramic 

Ceramic 

Ceramic 

SUFFIX 

G 

G 

G 

F 

F 

L 

after type number 
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SPECIAL PURPOSE 
CIRCUITS 



The linear-integrated-circuits listed in this section were developed by Motorola for the system 
design engineer to fill special-purpose requirements. Temperature ranges and package availability are 
tailored to provide price/performance versatility. 


Linear Four-Quadrant 
Multipliers 

MC1594/1494 

This device is designed for use where the output 
voltage is a linear product of two input voltages. 
Typical applications include; multiply, divide, 
square root, mean square, phase detector, fre¬ 
quency doubler, balanced modulator/demodulator, 
electronic gain control. 

The MC1594/MC1494 is a variable transconduc¬ 
tance multiplier with internal level-shift circuitry 
and voltage regulator. Scale factor, input offsets 
and output offset are completely adjustable with 
the use of four external potentiometers. Two 
complementary regulated voltages are provided to 
simplify offset adjustment and improve power- 
supply rejection. 

MC1595/IVIC1495 

Similar to the MC1594/1494, but without internal 
level shift and voltage regulator circuits. 

Balanced 

Modulator-Demodulator 

IVIC1596/MC1496 

Designed for use where the output voltage is a 
product of an input voltage (signal) and a switching 
function (carrier). Typical applications include 
suppressed carrier and amplitude modulation, 
synchronous detection, FM detection, phase 
detection and chopper applications. 


Timing Circuits 

MC1555/MC1455/MC1422 

These devices are highly stable timing circuits 
capable of producing accurate time delays or 
oscillation. Additional terminals are provided for 
triggering or resetting if desired. In the time delay 
mode of operation, the time is precisely controlled 
by one external resistor and capacitor. For a stable 
operation as an oscillator, the free running fre¬ 
quency and the duty cycle are both accurately 
controlled with two external resistors and one 
capacitor. The circuit may be triggered and reset 
on falling waveforms, and the output structure 
can source or sink up to 200 mA or drive MTTL 
circuits. Timing from Microseconds through Hours. 
The MC1422 has variable threshold level, adjust¬ 
able externally. 

Timing Error (typ) 

MCI 555 0.5% 

MCI 455 1.0% 

MC1422 1.0% 

MC3556/MC3456 

Dual Version of the MC1555/MC1455 

Low Frequency 
Power Amplifier 

MC1554/MC1454 

One-watt power amplifier for single or split supply 
operation. Typical voltage gain of 10, 18, or 36 
V/V with 0.4% THD. 


Power Control Circuits 


MC3370 

Electronic switch for triac triggering applications. 
Features zero-crossing detector to eliminate RFI, 
differential input with dual sensor inputs, input 
open and short protection, and built-in regulator 
permitting AC line operation. 


CA3059/3079 

Zero voltage switches designed for thyristor 
control in a variety of ac power switching appli¬ 
cations for ac input voltages of 24 V, 120 V, 
208/230 V, and 277 V at 50/60 and 400 Hz. 
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SPECIAL PURPOSE CIRCUITS 


Monolithic Dual OP Amp 
and Dual Comparator 

MC3505/IVIC3405 

This device contains two differential input opera¬ 
tional amplifiers and two comparators each set 
capable of single supply operation. This operational 
amplifier-comparator circuit will find its applica¬ 
tions as a general purpose product for automotive 
circuits and as an industrial "building block". 

• Op Amp Equivalent in Performance to MC3403 

• Comparator Similar in Performance to LM339 

• Op Amps are Internally Frequency Compensated 

• Supply Operation 3.0 Volts to 36.0 Volts 

• Dual Supply Operation also Available 


Overvoltage 
Protection Circuit 


Package Styles 


Operating 

Temperature Range 

Case 

-55 to ■H25°C 

0 to +70°C 

MC1554 

MC1454 

603B 

MC1555 


601, 693 


IVIC1455 

601, 626, 693 

MC1594 

MC1494 

620 

MC1595 

MC1495 

632 

MC1596 


603, 632 


MC1496 

603, 632, 646 


MC1422 

601, 626 

MC3505 


632 


MC3405 

632. 646 

MC3523 


693 


MC3423 

626, 693 

MC3556 


632 


MC3456 

632, 646 


MC3370 

626 


CA3059* 

CA3079* 

646 


•-40 to +85°C 


MC3523/MC3423 

OVPs protect sensitive circuitry from transients or regulator failures when used with an external 
"crowbar" SCR. They sense the overvoltage and quickly "crowbar" or short circuit the supply, forcing 
It into current limiting or opening fuse or CB. 

Voltage threshold is adjustable and OVPs can be programmed for minimum duration before tripping, 
supplying noise immunity. 


Iq t mA 

Max . 

1 '^CC Volts ] 

1 Vsense Volts | 

Device Number 

Suffix 

Ta°C 

Case 

IIIQQjlllll 


IIIIIQQQIIIII 

MM 

300 

mgin 

40 

2.45 

2.75 

MC3423 

P 

0 to +70 

626 







U 

0 to +70 

693 






MC3523 

u 

-55 to-H25 

693 



CASE 

601 

603 

603B 

626 

632 

646 

693 

MATERIAL 

Metal 

Metal 

Metal 

Plastic 

Ceramic 

Plastic 

Ceramic 

SUFFIX 

G 

G 

G 

Por PI 

L 

P 

U 

after type number 
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ZERO VOLTAGE SWITCHES 

. . . designed for thyristor control in a variety of ac power switching 
applications for ac input voltages of 24 V, 120 V, 208/230 V, and 
277 V (s> 50/60 Hz. 

Applications: 

• Relay Control • Heater Control 

• Valve Control • Lamp Control 

• Synchronous Switching of Flashing Lights 

• On-Off Motor Switching 

• Differential Comparator With Self-Contained Power Supply for 

Industrial Applications 

• Photosensitive Control • Power One-Shot Control 


CA305 

CA307 



ZERO VOLTAGE SWITCHES 


SILICON MONOLITHIC 
INTEGRATED CIRCUITS 



FIGURE 1 - FUNCTIONAL BLOCK DIAGRAM 




Power 

Lim (t6r 


n 

1 

Supply 


DC Mode or 
400 Hz Input 


Protection 


Li 

Circuit 



— 


I ' Inhibit 

• NTC Sensor 

NOTt Shaded Area Not Included With CA3079 


External Trigger 


AC Input Voltage 

Input Series 

Dissipation Rating 

(50/60 Hz) 

Resistor (Rs) 

for Rs 

vac 

kfl 

W 

24 

20 

0.5 

120 

10 

20 

208/230 

20 

4.0 

277 

25 

5.0 


FUNCTIONAL BLOCK 
DESCRIPTION 

1, LImIter-Power Supply — Allows opera¬ 
tion of the CA3059/79 directly from an ac line 
Suggested dropping resistor (Rs) values are 
given in Table A. 

2 Differential On/Off Sensing Amplifier — 
Tests for condition of external sensors or input 
command signals. Proportional control capa¬ 
bility or hysteresis may be implemented using 
this block 

3. Zero-Crossing Detector — Synchronizes 
the output pulses to the zero voltage point of 
the ac cycle This synchronization eliminates 
RFI when used with resistive loads. 

4. Triac Drive — Supplies high<urrent pulses 
to the external power controlling thyristor. 

5. Protection Circuit (CA3059 only) — A 
built-in circuit may be actuated, if the sensor 
opens or shorts, to remove the drive current 
from the external triac. 

6. Inhibit Capability (CA3059 only) — 
Thyristor firing may be inhibited by the action 
of an internal diode gate at Pin 1. 

7. High Power DC Comparator Operation 
(CA3059 only) — Operation in this mode is 
accomplished by connecting Pin 7 to Pin 12 
(thus overriding the action of the zero-crossing 
detector). When Pin 13 is positive with respect 
to Pin 9, current to the thyristor is continuous 
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CA3059 • CA3079 


MAXIMUM RATINGS (T/^ = 25°C unless otherwise noted) 


Rating 

DC Supply Voltage 

(Between Pins 2 and 7 


DC Supply Voltage 

(Between Pins 2 and 8) 


Peak Supply Current (Pins 5 and 7) 
Fail-Safe Input Current (Pin 14) 
Output Pulse Current (Pin 4) 
Junction Temperature 
Operating Temperature Range 
Storage Temperature Range 



ELECTRICAL CHARACTERISTICS (Operation (a 120 Vrms, 50-60 Hz, T^ = 25°C)” 


Characteristic 

Test Circuits 

Symbol 

Min 

Typ 

Max 

Unit 

DC Supply Voltage 

Fig 2 

Vs 




Vdc 

Inhibit Mode 







Rs = 10 k, 1 l = 0 



6 1 


7 0 


Rs = 50 k, II = 20 mA 




6.1 



Pulse Mode 







Rs = 10 k, II =0 







Rs = 5.0 k, Rl = 2 0 mA 







Gate Trigger Current 

Fig 3 

'GT 

- 

160 

- 

mA 

(Vqt = 1.0 V, Pins 3 and 2 connected) 







Peak Output Current, Pulsed 

Fig. 3 

•OM 




mA 

With Internal Power Supply, Vqt = 0 







Pin 3 Open 



50 


- 


Pins 3 and 2 Connected 



90 


- 


With External Power Supply, ^CC ~ 1^ '^GT “ ^ 

Fig. 4 






Pin 3 Open 



- 

230 

- 


Pins 3 and 2 Connected 



- 

300 

- 


Inhibit Input Ratio 

Fig. 5 

V 9 /V 2 

0.465 

0.485 

0 520 

- 

(Ratio of Voltage (s> Pin 9 to Pin 2) 







Total Gate Pulse Duration (Cg^t “ 

Fig 6 






Positive dv/dt 


tP 

70 

100 

140 


Negative dv/dt 


tn 

70 

100 

140 


Pulse Duration After Zero Crossing 

Fig 6 





/JS 

(^Ext = 0 . RExt = 







Positive dv/dt 


tpi 

- 

50 

- 


Negative dv/dt 


tn. 

- 

60 

- 


Output Leakage Current Inhibit Mode*” 

Fig 3 

'4 

- 

0.001 

10 

mA 

Input Bias Current CA3059 

Fig 7 

•iB 

- 

0 15 

1 0 

pA 

CA3079 



- 

0 15 

2 0 


Common Mode Input Voltage Range 

- 

VCMR 

- 

1 4 to 5 0 

- 

Vdc 

(Pins 9 and 13 Connected) 







Inhibit Input Voltage CA3059 only 

Fig 8 

Vi 

- 

1.4 

1.6 

Vdc 

External Trigger Voltage CA3059 only 

- 

V 6 -V 4 

- 

1.4 

- 

Vdc 


•Care must be taken, especially when using an external power supply, that total package dissipation is not exceeded. 

“The values given in the Electrical Characteristics Chart at 120 V also apply for operation at input voltages of 24 V, 208/230 V, and 
277 V, except for Pulse Duration test. However, the series resistor (Rs) must have the indicated value, shown in Table A for the specified 
input voltage. 

*“l 4 out of Pin 4 
2 V on Pm 1 
SI position 2 
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INTERNAL SUPPLY (VOLTS) PEAK OUTPUT CURRENT (PULSED) ImAI 


CA3059 • CA3079 


TYPICAL CHARACTERISTICS 


FIGURE 8 - INHIBIT INPUT VOLTAGE TEST 



FIGURE 10 - PEAK OUTPUT CURRENT (PULSED) 
versus AMBIENT TEMPERATURE 



AMBIENT TEMPERATURE (°C) 


FIGURE 9 - PEAK OUTPUT CURRENT (PULSED) 
versus EXTERNAL POWER SUPPLY VOLTAGE 



FIGURE 11 - TOTAL PULSE WIDTH versus 
AMBIENT TEMPERATURE 



AMBIENT TEIV)PERATURE(OC) 


FIGURE 12 - INTERNAL SUPPLY versus 
AMBIENT TEMPERATURE 



FIGURE 13 - INHIBIT VOLTAGE RATIO 
versus AMBIENT TEMPERATURE 



AMBIENT TEMPERATURE (“0 




CA3059 • CA3079 


FIGURE 14 - CIRCUIT SCHEMATIC 


Cf 

100 

15 V -i" 

r 


Rp 



Inhibit Q ^ 
Input Y 


^Sensor 


013 


1 



For dc Mode 
or 400 Hz 
Operation 


Fail-Safe To 

Input Common 


For 

External 

Trigger 



NOTE. Current sources are established by an internal reference 
Pins 1. 6. 12, and 14 are not used with CA3079 


APPLICATION INFORMATION 


Power Supply 

The CA3059 and CA3079 are self-powered circuits, 
powered from the ac line through an appropriate dropping 
resistor (see Table A). The internal supply is designed to 
power the auxiliary power circuits. 

In applications where more output current from the 
internal supply is required, an external power supply 
of higher voltage should be used. To use an external 
power supply, connect^jin 5 and pin 7 together and apply 
the synchronizing voltage to pin 12 and the dc supply 
voltage to pin 2 as shown in Figure 4. 


Operation of Protection Circuit (CA3059 Only) 

The protection circuit, when connected, will remove 
current drive from the triac if an open or shorted sensor 
is detected. This circuit is activated by connecting pin 13 
to pin 14 (see Figure 1). 

The following conditions should be observed when the 
protection circuit is utilized: 

A. The internal supply should be used and the external 
load current must be limited to 2 mA with a 5 kf2 
dropping resistor. 


B. Sensor Resistance (Rx) and Rp values should be 
between 2 kS2 and 100 kfi. 

C. The relationship 0.33 < Rx/Rp < 3 must be met 
over the anticipated temperature range to prevent 
undesired activation of the circuit. A shunt or series 
resistor may have to be added. 

External Inhibit Function (CA3059 Only) 

A priority inihibit command applied to pin 1 will 
remove current drive from the thyristor. A command of 
at least -•-1.2 V @ 10 liA is required. A DTL or T2 l logic 1 
applied to pin 1 will activate the inhibit function. 

DC Gate Current Mode (CA3059 Only) 

When comparator operation is desired or inductive 
loads are being switched, pins 7 and 12 should be 
connected. This connection disables the zero-crossing 
detector to permit the flow of gate current from the 
differential sensing amplifier on demand. Care should 
be exercised to avoid possible overloading of the internal 
power supply when operating the device in this mode. 
A resistor should be inserted between pm 4 and the 
thyristor gate in order to limit the current. 
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MC1422 


Speeifieations and Applications 
Information 


MONOLITHIC TIMING CIRCUIT WITH 
EXTERNALLY ADJUSTABLE THRESHOLD LEVEL 

The IV1C1422 monolithic timing circuit is a highly stable controller 
capable of producing accurate time delays, or oscillation. Additional 
terminals are provided for triggering or resetting if desired. For 
astable operation as an oscillator, the free running frequency and the 
-duty cycle are both accurately controlled with two external resistors 
and one capacitor. The circuit may be triggered and reset on falling 
waveforms, and the output structure can source or sink up to 200 
mA or drive MTTL circuits. 

• Useable as a Differential Comparator Timer 

• Timing From Microseconds Through Hours 

• Operates in Both Astable and Monostable Modes 

• Adjustable Duty Cycle 

• High Current Output Can Source or Sink 200 mA 

• Output Can Drive MTTL 

• Temperature Stability of 0 005% per °C 

• Normally “On" or Normally "Off" Output 


TYPICAL APPLICATIONS 

• Time Delay Generation • Precision Timing • Missing Pulse Detection 

• Sequential Timing • Pulse Generation • Pulse Width Modulation 

• Linear Sweep Generation • Pulse Shaping • Pulse Position Modulation 


MAXIMUM RATINGS (T^ = +25°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

■H6 

Vdc 

Discharge Current (Pm 7) 

I7 

200 

mA 

Power Dissipation (Package Limitation) 

Metal Can 

Pd 

680 

mW 

Derate above T/\ = +25°C 


4.6 

mW/°C 

Plastic Dual In-Line Package 


625 

mW 

Derate above Ta = +25°C 


5.0 

mW/°C 

Operating Temperature Range (Ambient) 

Ta 

0 to -FTO 

OC 

Storage Temperature Range 

Tstg 

-65 to -t-IBO 1 

°C 



TIMING CIRCUIT 
WITH ADJUSTABLE THRESHOLD 

MONOLITHIC SILICON 
INTEGRATED CIRCUIT 


PI SUFFIX 
PLASTIC PACKAGE 
CASE 626 
(Top View) 


1. Ground 
2 Trigger 

3. Output 

4. Reset 

5. Variable Threshold 
Reference 

6. Threshold 

7. Discharge 

8. Vcc 


GSUFFIX 
METAL PACKAGE 
CASE 601 

1. G ro u nd 

2. Trigger 

“ »\ 3 Output 

\ 4 Reset 

ey 5. Variable Threshold 

Reference 
6. Threshold 
> View) 7. Discharge 

8. Vqq 


ORDERING INFORMATION 





Type 


MC1422G 

MCC1422P1 


Temperature Range 


Metal Can 
Plastic DIP 


Adjustable 

Threshold 


FIGURE 1 - BLOCK DIAGRAM 

0 5 8 (0 Vqq 

I I Reference 



Comparator 



Flip- 

Flop 
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IVIC1422 



ELECTRICAL CHARACTERISTICS (T;^ = +25°C, Vqc “ ‘•■5.0 V to +14 V unless otherwise noted.) 


Characteristics 


Supply Voltage 


Supply Current 

Vcc = 5.0 V, Rl=~ 

Vcc=14V, Rl=» 

Low State (Note 1) 


Timing Error (Note 2) 

Ra. Rb “1-0 kn io 100 kn 

Initial Accuracy C = 0.1 fiF 
Drift with Temperature 
Drift with Supply Voltage 


Threshold Voltage (Figure 2) 


Trigger Voltage 
Vcc= 14 V 
Vcc = 5.0 V 


Trigger Current 


Discharge Leakage Current 


Reset Current ~ 


Threshold Current (Note 3) 


Output Voltage Low 
(Vcc = 14 V) 
'sink “ 10 mA 
•sink = 50 mA 
'sink ”100 mA 
'sink ~ 200 mA 


Output Voltage High 
^'source “ 25 mA) 
Vcc = 1*1 V 
Vcc = 5.0 V 


Rise Time of Output 


Fall Time of Output 



1. Supply current when output is high is typically 1.0 mA less. 3. This will determine the maximum value of H a + Rb 1°^ 15 V operation. 

2. Tested at Vcc “ 5.0 V and Vcc = 1^ V. The maximum total R = 20 megohms. 



FIGURE 2 - DC TEST CIRCUIT 


FIGURE 3 - AC TEST CIRCUIT 


Reset 

Vcc 

Control 

Discharge 

Voltage 

D.U.T. 

Output 

Threshold 

Gnd 

Trigger 






RA=100k '-1-' 

t = 1.1 RaC seconds .;L. 

External components must be bridged so that exact 
values are used in the frequency formula. 


Notes: 

Vcc " Supply Voltage. 5.0 V < Vcc < 14 V Range 
Vs * Switching Voltage: 1.4 V < Vs < 11.0 V Range 

When Vs > 2/3 Vcc. Vq 'o'" B 0 at Rl = 

When.Vs < 1/3 Vcc. Vq is high ^ Vcc at Rl ” “ 
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Id. delay TIME NORMALIZED cj _ Vql, (Vdc) PW, PULSEWIDTH (ns min) 


MC1422 


FIGURE 4 - TRIGGER PULSE WIDTH 

1501 ---1—PI- 

125- 



0l_I_I_L__J_1_J_L_l 

0 01 02 03 04 

VT(m.n). MINIMUM TRIGGER VOLTAGE 
(X Vcc = Vdc) 


FIGURE 7 - LOW OUTPUT VOLTAGE 
@ Vcc = 5-0 Vdc 

101-1—r-n- \ -1—m-1 



oil. . . 1111 I 

10 20 5 0 10 20 50 100 

'SINK. IniA) 


FIGURE 10 - DELAY TIME 
versus SUPPLY VOLTAGE 

1 015 I-1-1-1-1- ) -1-1 


1010^-{- 

rr 



Vcc. SUPPLY VOLTAGE (Vdc) 


TYPICAL CHARACTERISTICS 

(T/^ = +25°C unless otherwise noted.) 



50 to 15 

Vcc. SUPPLY VOLTAGE (Vdc) 


FIGURE 8 - LOW OUTPUT VOLTAGE 
@ Vcc = 1° Vdc 
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FIGURE n - DELAY TIME 
versus TEMPERATURE 



Ta. ambient TEMPERATURE (°C) 


FIGURE 6 - HIGH OUTPUT VOLTAGE 
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FIGURE 9 - LOW OUTPUT 
VOLTAGE @ Vcc = 15 Vdc 
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FIGURE 12 - PROPAGATION DELAY 
versus TRIGGER VOLTAGE 



0 01 02 03 04 

VT(min). MINIMUMTRIGGER VOLTAGE 


(X Vcc = Vdc) 















IVIC1422 



FIGURE 13 - CIRCUIT SCHEMATIC CONTROL VOLTAGE 

Variable 
5 Threshold 
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GENERAL INFORMATION 



The MC1422 is a monolithic timing circuit similar in 
performance and function to the IVIC1455 timer. It can 
be used .in both the astable and monostable modes with 
frequency and duty cycle controlled by the capacitor and 
resistor values. While the timing is dependent upon the 
external passive components, the monolithic circuit pro¬ 
vides the starting circuit, voltage comparison and other 
functions needed for a complete timing circuit. Internal 
to the integrated circuit are two comparators, one for the 
input signal and the other for capacitor voltage; also a 
flip-flop and digital output are offered. The reference 
voltage of the trigger comparator is a fixed ratio of the 
supply voltage while the reference voltage of the threshold 
comparator is completely adjustable. 

The MC1422 offers a completely independent variable 
threshold terminal. This feature allows it to be used as a 
modulation terminal as well as a synchronization terminal 
giving an additional degree of freedom in circuit design. 
The reference voltage pin (pin 5) for the threshold com¬ 
parator is completely adjustable. 

A reset pin is provided to discharge the capacitor thus 
interrupting the timing cycle. As long as the reset pin is 
low, the capacitor discharge transistor is turned "on" and 
prevents the capacitor from charging. While the reset volt¬ 


age is applied the digital output will remain low. The reset 
pin should be tied to the supply voltage when not in use. 

Monostable Mode 

In the monostable mode, a capacitor and a single resis¬ 
tor are used for the timing network. Both the threshold 
and the discharge transistor terminal are connected to¬ 
gether in this mode, refer to circuit Figure 14. When the 
input voltage to the trigger comparator falls below 1/3 
Vqc the comparator output triggers the flip-flop so that 
it's output sets low. This turns the capacitor discharge 
transistor "off" and drives the digital output to the high 
state. This condition allows the capacitor to charge at an 
exponential rate which is set by the RC time constant. 
When the capacitor voltage reaches the external reference 
voltage the threshold comparator resets the flip-flop. This 
discharges the timing capacitor and returns the digital out¬ 
put to the low state. Once the flip-flop has been triggered 
by an input signal, it cannot be retriggered until the 
present timing period has been completed. The time that 
the output is high is given by the equation t = 1.1 Ra C. 
Various combinations of R and C and their associated 
times are shown in Figure 15. The trigger pulse width 
must be less than the timing period. 
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MC1422 


FIGURE 14 - MONOSTABLE CIRCUIT 



APPLICATIONS INFORMATION 


In general, the MCI422 can be used in any application 
where the MC1455/NE555 is currently being used as long 
as an external reference is supplied. (Refer to MC1455 
data sheet for these applications.) The applications listed 
below are unique to the MC1422 and its design. 

Zero Crossing Cycler 

This circuit (see Figure 15) is most useful where it is 
necessary to cycle a thyristor at some frequency and duty 
cycle at line zero crossing only. This cycling at zero cross¬ 
ing only will reduce EMI, and current surges if capacitive 
loads are used. 

Circuit Description 

In order to have exact zero crossing cycling a phase 
shift network (R3)(C2) is.used. Diodes Cri and Cr 2 limit 


the line voltage to V- and V-^. This limited line voltage, 
which appears somewhat like a square wave, is used as a 
sync pulse when differentiated by Cl and attenuated to 
1/3 by R1 and R2. Cycle time is dependent on R4 and 
C3. The duty cycle is set by potentiometer R4. 

It should be noted that this zero crossing cycler is in¬ 
tended for low frequency cycling, much lower than the 
line frequency used. 

1.44 

Tcycle " 0.69 (R4)(C3) or fcycle “ (R4)(C3) 


FIGURE 15 - ZERO CROSSING CYCLER 





IVIC1422 



FIGURE 17 - PULSE WIDTH MODULATOR WAVEFORMS 
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Hor. = 0.5 ms/Dtv, 


ModulatJon Input 5 V/Oiv. 


Vq 3 Ramp 5 V/Div. 


PWM Input 10 V/Dtv. 


PWM Output 10 V/Div. 


Pulse Width Modulator 

The MC1422 is used as a pulse width modulator 
(PWM) with the MCI455 being utilized as an astable. 
The MC1422 can be used as an astable in place of the 
MC1455 if an external reference of approximately 2/3 
Vcc is 5. 

The transistors Q1 and Q2 are configured as a current 
mirror to provide a linear voltage ramp across C3. This 
constant current scheme attributes a relatively linear 
transfer characteristic for the pulse width modulator. 

Several considerations must be made when using this 
circuit. 

1. The minimum duty cycle out is limited to the com¬ 
plement of the input signal, (i.e., a 95% duty cycle 
astable driving the PWM will give a minimum duty 
cycle output of — 5%.) 

The maximum duty cycle out will also be limited 
to the maximum duty cycle in. 


2. For the astable frequency: 

1.44 

(Rl +2R2)C 

3. Duty cycle (D.C.) for the astable: 

R2 


DC = 


Rl ■F2R2 


For best results the charge time of C3 in the pulse 
width modulator should be equal to the period of 
the astable. 


’Q1 1 

C3(Vcc-1) Tc3 


IQI == lQ2 = 


Vcc - Vbe 

R3 


Vcc = 10 V linearity typically 3% modulation input 
from 2 volts to 8 volts. 
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MC1422 


Voltage Controlled Oscillator 

The VCO circuit, which has a nonlinear transfer charac¬ 
teristic will operate satisfactorily up to 200 kHz. The 
VCO input range is effective from 1/3 Vcc fo Vcc - 2 V, 
with the highest control voltage producing the lowest out¬ 
put frequency. The equation for the frequency is: 


fout — 


V5-1/3VCC V5-1/3VCC 

In (1-—T z-o TT I- )(R1+R2)C1+1n(--) R2C1 


2/3 Vcc 


V5 


V5 = VCO input control voltage 

It should be noted that, the output duty cycle will vary 
somewhat over the VCO input control range. 


FIGURE 18 - VOLTAGE CONTROLLED OSCILLATOR 



Comparator with Time Out 

The MC1422 is used as a comparator with the capa¬ 
bility of a timing output pulse when the inverting input 
(Pin 6) is > the non-inverting input (Pin 5). The frequency 
of the pulses for the values of R2 and Cl as shown in 
Figure 19 is approximately 2.0 Hz, and the pulse width 
0.3 ms, fp = frequency of pulses while Pin 6 voltage is 
above voltage at Pin 5. 

The function of R1 is to.limit di/dt, when charging Cl. 




Schmitt Trigger 

The MCI 422 is very useful as a Schmitt Trigger as shown 
in Figure 20. The lower trigger point is fixed at 1/3 VqC- 
but the upper trigger point is adjustable by means of Pin 5 
from 1/3 Vcc fo slightly less than VcC- The Schmitt 
trigger will operate with input frequencies up to 50 kHz. 
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ORDERING INFORMATION 


MC1438R 

MC1538R 


Temperature Range 


0°C to +70‘’C 
-55°C to +125°C 


Package 


Metal Power 
Metal Power 


MC1438R 

MC1538R 


POWER BOOSTER 

The MC1538/MC1438 is designed as a high current gain amplifier 
(70 dB), with unity voltage gain that can deliver load currents up to 
±300 mAdc. This device is ideally suited to follow an operational 
amplifier (such as MC1556/MC1456) for driving low impedance loads 
and improving the overall circuit performance. 


OPERATIONAL AMPLIFIERS 
POWER BOOSTER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


• High Input Impedance — 0.4 Meg-Ohm typ — when driving the 

MC1538/MC1438, the gain of an operational amplifier will 
approach the unloaded open-loop gain. Internal power dissipa¬ 
tion of the operational amplifier will be independent of output 
voltage and therefore thermal drift will be reduced. 

• Large Power Bandwidth — 1.5 MHz typ — considerably better than 

present operational amplifiers. Bandwidth and slew rate will be 
limited by the operational amplifier, not the MCI 538/MCI 438. 

• Low Output Impedance — 10 Ohms typ — allows the MCI538/ 

MC1438 to drive a capacitive load with greatly reduced phase 
shift compared with an operational amplifier. Output voltage 
swing capability is much increased when driving small load im¬ 
pedances. 

• Adjustable Current Limit — ±5.0 mAdc to ±300 mAdc 

• Excellent Power-Supply Rejection - 1.0 mV/V typ 

• Current Gain - 3000 typ 



R SUFFIX 
CASE 614 


Positive Current 
Limit Adjust 


Negative 
Current Sense 

Negative 

Output 



Negative Current 
Limit Adjust 


TYPICAL APPLICATIONS 


OPERATIONAL AMPLIFIER BOOST CIRCUIT 


DIGITAL OR ANALOG LINE DRIVER 


Sj MC153aR/^\ I 



Under tome conditions 0 l circuit layout and loading, the MC153SR/MC1438R will otclllata when driven Into current limiting. Oscillation during 
positive currant limiting can usually be suppressed by placing e 0.02 /iF capecltor between Pins 7 and 5. Oscillations during negative current limit 
can usually be suppressed by placing a 0.02 pF capacitor between Pins 1 and 2. 100 Ohms in series with this capacitor will reduce any cross-over 
distortion occurring whan driving extremely tow impedance loads. 
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MC1438R, MC1538R 


MAXIMUM RATINGS (T^ = +25°C unless otherwise noted.) 


Rating 

Symbol 

MC1538R 

MC1438R 

Unit 

Power Supply Voltage 

Vcc 

-^22 

+18 

Vdc 


Vee 

-22 

-18 


Input Voltage Swing 

IV,nl 

Vcc O'" Vee 

Vdc 

Load Current 

'L 

350 

mAdc 

Power Dissipation © T/\ = +25°C 

Pd 

3.0 

Watts 

Derate above = +25°C 

i/Roja 

24 

mW/°C 

Power Dissipation© Tq = +25°C 

Pd 

17.5 

Watts 

Derate above Tc = +25°C 

i/Rfljc 

140 

mW/°C 

Operating Ambient Temperature Range MC1438R 

Ta 

0 to + 70 

°C 

MC1538R 


-55 to +125 


Operating and Storage Junction Temperature Range 

Tj-Tstg 

-65 to +1 50 

°C 


THERMAL CHARACTERISTICS 


Characteristic 

Symbol 

Max 


Thermal Resistance, Junction to Ambient 

RejA 

41 6 


Thermal Resistance, Junction to Case 

RdJC 

7.15 



ELECTRICAL CHARACTERISTICS 


(Rl = 300 ohms, Tc = +25°C unless otherwise noted.) 






MC1538R 

1 MC1438R 1 






5.0 V < Vcc = |VeeI< 20 V 

1 Vcc=+15V,Vee = 

-15 V 1 


Characteristic (Linear Operation) 

Fig 

Note 

Symbol 

I Min I 

Typ 

Max 

Min 

Typ 


EH 

Voltage Gain (f = 1.0 kHz) 

1 

- 

Av 


0.95 

1.0 

0.85 

0.95 

1.0 

V/V 

Current Gam (A| = AIq/AIi) 

1 

- 

A| 

- 

3000 

- 

- 

3000 

- 

A/A 

Output Impedance (f = 1.0 kHz) 

1 

- 

Zq 

- 

10 

- 

- 

10 

- 


Input Impedance (f = 1.0 kHz) 

1 

- 

Z| 

- 

400 

- 

- 

400 

- 

k ohms 

Output Voltage Swing (See Note 3) 

1 

3 

Vo 

±12 

±13 

- 

±11 

±12 

- 

Vdc 

Input Bias Current 

2 

- 

l|B 

- 

60 

200 

- 

60 



Output Offset Voltage 

2 

1 

Voo 

_I_i 

25 

150 

- 

25 

1 200 1 

mVdc 

Small Signal Bandwidth 

1 

- 

BW 








(Rl = 300 ohms) 

(V| = 0 Vdc, Vi = 100 mVlrms]) 




■ 

8.0 


H 

8.0 

■ 

MHz 

Power Bandwidth (See Note 3) 

1 

- 

BWp 








(Vo = 20 Vp.p,THD = 5%) 




- 

1.5 

- 

- 

1.5 

- 

MHz 

Total Harmonic Distortion (Note 3) 

1 

- 

THD 








(f= 1.0 kHz, Vo = 20 Vp.p) 




- 

0.5 

- 

- 

0.5 

- 

% 

Output Short-Circuit Current 



•os 







mAdc 

(Rl = R2 = «>) 

3 

2 


75 

95 

125 

65 

95 

140 


(Rl = R2 = 3.3. ohms) 

3 



- 

300 

- 

- 

300 

- 


Adjustable Range 

4,5 



- 

5.0 to 300 

- 

- 

5.0 to 300 

- 


Power Supply Sensitivity 

2 

- 

PSRR 

IjHH 





■jjjH 

mV/V 

(Vgg constant) 





1.0 

- 

- 

1.0 



(Vcc constant) 




191 

1.0 

- 

- 

1.0 

H 


Power Supply Current 

2 

- 

'cc 

mgm 

6.0 

10 

2.5 

6.0 

15 

mAdc 

(Rl°»,V| =0) 



>EE 

m 







Power Dissipation (See Note 3) 

2 

3 

Pc 

150 

180 

300 

75 

180 

450 

mW 

(Rl V| = 0) 











Note 1. Output offset Voltage Is the quiescent dc output voltage with the input grounded. 

Note 2. Short-Circuit Current, Isc, is adjustable by varying Rl, R2, R3 and R4. The positive current limit is set by R1 or R3, and 

the negative current limit is sat by R2 or R4. See Figures 4 and 5 for curves of short-circuit current versus R1, R2, R3 and R4. 
Note 3. Vqc ~ f"! 5 V, Vgg =-15 V. 
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MC1438R,MC1538R 


TEST CIRCUITS 

FIGURE 1 FIGURE 2 FIGURES 



VeE ? 470pF 1’ $ 470pF *Vee $470 pF 


CIRCUIT SCHEMATIC 


Input 9 



Positivi Current 
Limit Adjust 

Positive Output 


Positive Current 
Sense 

Negetive Current 
Sense 

Negative Output 


Negative Current 
Limit Adjust 



(bottom 

Com it cormoctod to Vgg 


TYPICAL CHARACTERISTICS 

(Vcc = +15 Vdc, Vee = -tSVdc, Ta = +25®C unless otherwise noted.) 

FIGURE 4 - SHORT-CIRCUIT CURRENT versus R1 OR R2 FIGURE 5 - SHORT-CIRCUIT CURRENT versus R3 OR R4 

(100 mA to 300 mA) (5.0 mA to 100 mA) 

















Voo, OUTPUT OFFSET VOLTAGE (mVdc) Vq, OUTPUT VOLTAGE (Vdc) ICC. lEE POWER SUPPLY CURRENT (mAdc) 


MC1438R, MC1538R 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 6 - POWER SUPPLY 
CURRENT versus SHUNT RESISTANCE 


FIGURE 7 - SMALL SIGNAL GAIN AND PHASE RESPONSE 
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-40 

-50 

-60 

-70 

-80 

-90 


FIGURE 8 - POSITIVE OUTPUT 
VOLTAGE SWING versus LOAD CURRENT 


FIGURE 9 - NEGATIVE OUTPUT 
VOLTAGE SWING versus LOAD CURRENT 



0 20 40 60 80 100 




IL, LOAO CURRENT (mAdc) 


IL, LOAD CURRENT (mAdc) 


FIGURE 10 - OUTPUT OFFSET VOLTAGE 
versus TEMPERATURE 



-75 -50 -25 0 25 50 75 100 125 


Ta. operating ambient temperature RANGE (“O 
*See figures 4 and 5 for definition of R1, R2,R3, and R4. 



-75 -50 -25 0 25 50 75 100 125 

Ta. operating ambient temperature range (OC) 


S, PHASE shift (DEGREES) 
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MC1438R, MC1538R 


TYPICAL CHARACTERISTICS (continued) 

(Vcc = +15 Vdc, VgE = -15 Vdc, T/^ = +25°C unless otherwise noted.) 



FIGURE 13 - DC SAFE OPERATING AREA 
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ORDERING INFORMATION 


Device 

Temperature Range 

Package 

MC1445F 

0°C to -i-75'’C 

Ceramic Flat 

MC1445G 

o°c to -f-rs'C 

Metal Can 

MC1445L 

O'C to -i-75°C 

Ceramic DIP 

MC1545F 

-SS'C to -i-125”C 

Ceramic Flat 

MC1545G 

-SS-C to -f-125'’C 

Metal Can 

MC1545L 

-55°C to -f 125“C 

Ceramic DIP 


MC1445 

MC1545 


GATE CONTROLLED TWO-CHANNEL-INPUT 
WIDEBAND AMPLIFIER 

. . . designed for use as a general-purpose gated wideband-amplifier, 
video switch, sense amplifier, multiplexer, modulator, FSK circuit, 
limiter, AGC circuit, or pulse amplifier. See Application Notes 
AN491 for design details. 

• Large Bandwidth, 50 MHz typical 

• Channel-Select Time of 20 ns typical 

• Differential Inputs and Differential Output 


TYPICAL APPLICATIONS 


GATE CONTROLLED 
TWO-CHANNEL-INPUT 
WIDEBAND AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


VIDEO SWITCH OR 

DIFFERENTIAL AMPLIFIER WITH AGC 

Vcc I |Vee 

Signal < 
Input < 

K 




> «out 




- 

■ 

1 _ Gate or 

AGC Input 



BALANCED MODULATOR 



Audio 5 0 k 

Input Bias Adjust 



L SUFFIX 

CERAMIC PACKAGE 
CASE 632 
TO-116 
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MCI445 , MCI545 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted ) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

vcc 

-H2 

Vdc 


vee 

-12 

Vdc 

Input Differential Voltage Range 

V|DR 

±5.0 

Volts 

Load Current 

'L 

25 

mA 

Power Dissipation (Package Limitation) 

Pd 



Flat Package 


500 

mW 

Derate above = +25°C 


3.3 

mW/°C 

Ceramic Dual In-Line Package 


625 

mW 

Derate above = -t25°C 


5 0 

mW/°C 

Metal Can 


680 

mW 

Derate above = +25°C 


4.6 

mW/°C 

Operating Ambient Temperature Range MC1445 

Ta 

0 to +75 

°C 

MCI545 


-55 to +125 


Storage Temperature Range 

Tstg 

-65 to +150 

°C 


electrical characteristics (Vqq = +5 0 Vdc, VgE = 50 Vdc. at = +25°C, specifications apply to both input channels 

unless otherwise noted I 





1 MCI545 

MCI 445 


Characteristic 

Fig. No. 

Symbol 

Min 

Typ 

Max 

Mm 

Typ 

Max 

Unit 

Single-Ended Voltage Gam 

1,12 

Avs 

16 

19 

21 

16 

19 5 

23 

dB 

Bandwidth 

1,12 

BW 

40 

50 

- 

- 

50 

- 

MHz 

Input Impedance 

5,14 


40 

10 


30 

10 

_ 

k ohms 

(f = 50 kHz) 










Output Impedance 

6,15 

Zo 

- 

25 


_ 

25 

_ 

Ohms 

(f = 50 kHz) 










Output Differential Voltage Range 

4,13 

vqdr 

1 5 


- 

1.5 

Bi 

- 

Vp p 

(Rl = 1 0 k ohm, f = 50 kHz) 




■H 



mm 



Input Bias Current 

16 

'iB 

- 

15 

25 

- 

15 

30 

pAdc 

Input Offset Current 

16 

1|0 

- 

2 0 

- 

- 

20 

- 

pAdc 

Input Offset Voltage 

17 

ViO 

- 

1 0 

5.0 

- 

- 

7.5 

mVdc 

Quiescent Output dc Level 

17 

Vq 

- 

0.1 

- 

- 

0.1 

- 


Output dc Level Change 

17 

AVo 

- 


- 

- 


- 

mV 

(Gate Input Voltage Change +5 0 V to 0 V) 




■■ 



■■ 



Common-Mode Rejection Ratio 

9,18 

cmrr 

- 

85 

- 

- 

85 

_ 

dB 

(f = 50 kHz) 










Input Common-Mode Voltage Range 

18 

V|CR 

- 

±2 5 

- 

- 

±2 5 

- 

Vp 

Gate Characteristics 

8 

V|L(G) 

0.40 

0.70 

- 

02 

0.4 

- 

Vdc 

Gate Input Voltage — Low Logic State (Note 1 ) 










Gate Input Voltage — High Logic State (Note 2) 


VlH(G) 

- 

1.5 

2.2 

- 

1 3 

30 


Gate Input Current — Low Logic State 

18 

I|L(G) 


- 

2 5 

- 

- 

4.0 

mA 

(V|l(GI =0V) 










Gate Input Current — High Logic State 

18 

'IH(G) 


- 

2.0 

- 

- 

40 

mA 

(V|h(G) =+5.0 V) 










Step Response 

19 

tPLH 


65 



6.5 


ns 

(e,n = 20 mV) 


fPHL 


6.3 

■■ 


63 





ITLH 


6.5 

B9 


6 5 





ITHL 


7.0 

mm 


7 0 



Wideband Input Noise 

10,20 

en 

- 

25 

- 

- 

25 

- 

fiV(rms) 

(5.0 Hz - 10 MHz, Rs = 50 ohms) 










DC Power Consumption 

11,20 

Pc 

- 

70 

110 

- 

70 

150 

mW 


Note 1. V||_(G) IS the gate voltage which results in channel A gam of unity or less and channel B gain of 16 dB or greater. 
Note 2. V|n(G) is the gate voltage which results in channel B gain of unity or less and channel A gain of 16 dB or greater. 




































































































































Rp, PARALLEL INPUT RESISTANCE (k OHMS) 


MC1445 , MCI545 











































CMRR, COMMON MODE REJECTION RATIO (dS) CHANNEL SEPARATION (dB) 


MC1445, MC1545 







































MC1445, MC1545 


FIGURE 13 - OUTPUT VOLTAGE SWING TEST CIRCUIT 


FIGURE 14 - INPUT IMPEDANCE TEST CIRCUIT 




FIGURE 15 - OUTPUT IMPEDANCE TEST CIRCUIT FIGURE 16 - INPUT BIAS CURRENT AND INPUT 

OFFSET CURRENT TEST CIRCUIT 




FIGURE 17 - INPUT OFFSET VOLTAGE AND OUIESCENT 
OUTPUT LEVEL TEST CIRCUIT 


FIGURE 18 - GATE CURRENT (HIGH AND LOW), 
COMMON-MODE REJECTION AND 
COMMON-MODE INPUT RANGE TEST CIRCUIT 


-5.0 V 
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MC1445, IVIC1545 


FIGURE 19 - PROPAGATION DELAY AND RISE AND 
FALL TIMES TEST CIRCUIT 


FIGURE 20 - POWER DISSIPATION AND WIDEBAND 
INPUT NOISE TEST CIRCUIT 



FIGURE 21 - LIMITING CHARACTERISTIC 




V |, SINGLE ENDED INPUT VOLTAGE (mVp p) 



C_OQ 




ORDERING INFORMATION 


Device 

Temperature Range 

Package 

MC1550F 

-5500 to -H25“C 

Ceramic Flat 

MC1550G 

-SS^C to -f-125'’C 

Metal Can 


RF - IF AMPLIFIER 


... a versatile,common-emitter.common-basecascode 
circuit for use in communications applications. See 
Application Note AN-215A for additional information. 


• Constant Input Impedance over entire AGC range 

• Extremely Low y 12 “4.3 pmhosat 60 MHz 

• High Power Gain - 30 dB @ 60 MHz (0.5 MHz BW) 

• Good Noise Figure — 5 dB @ 60 MHz 


MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage, Pin 9 

Vcc 

20 

Vdc 

AGC Supply Voltage 

Vagc 

20 

Vdc 

Input Differential Voltage, Pin 1 to Pin 4 

V(D 

±5.0 

V(rms) 

(Rs •= 5(X) ohms) 




Power Dissipation (Package Limitation) 

Pd 



Metal Can 


680 

mW 

Derate above Ta = +25°C 


4.6 

mW/°C 

Flat Package 


500 

mW 

Derate above Ta = +25°C 


3.3 

mW/°C 

Operating Ambient Temperature Range 

Ta 

-55 to+125 

oc 

Storage Temperature Range 

Tstg 

-65 to +150 

°C 


MC1550G 


RF-IF AMPLIFIER 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



CIRCUIT SCHEMATIC 



CIRCUIT DESCRIPTION 

The MC1550 is built with monolithic fabrication techniques 
utilizing diffused resistors and small-geometry transistors. 
Excellent AGC performance is obtained by shunting the signal 
through the AGC transistor Qi maintaining the operating point 
of the Input transistor Q,. This keeps the input impedance 
constant over the entire AGC range. 

The amplifier is intended to be used in a common-emitter, 
common-base configuration (Q, and Q,) with Q, acting as an 
AGC transistor. The input signal is applied between pins 1 and 
4, where pin 4 is ac-coupled to ground. DC source resistance 
between pins 1 and 4 should be small (less than 100 ohms). 
Pins 2 and 3 should be connected together and grounded. Pins 
8 and 10 should be bypassed to ground. The positive supply 
voltage is applied at pin 9 and at higher frequencies, pin 9 
should also be bypassed to ground. The output is taken be¬ 
tween pins 6 and 9. The substrate is connected to pin 7 and 
should be grounded. AGC voltage is applied to pin 5. 















































MC1550G 



Characteristic 

Conditions 

DC CHARACTERISTICS 

Output Voltage 

VaGC = 0 Vdc 

VaGC " ■'■6 Vdc 

Test Voltage 

VaGC = 0 Vdc 

VaGC = Vdc 

Supply Drain Current 

VaGC " 0 Vdc 

VaGC = +6 Vdc 

AGC Supply Drain Current 

VaGC = 0 Vdc 

VaGC ^ Vdc 

SMALL-SIGNAL CHARACTERISTICS 

I Small-Signal Voltage Gain 

f = 500 kHz 

Bandwidth 

-3 0dB 

Transducer Power Gain 

f = 60MHz, BW = 6MHz 

f = 100 MHz. BW = 6 MHz 


Figure Symbol 































































Ap, TRANSDUCER POWER GAIN IdB) OUTPUT RESISTANCE (OHMS) „ R,». INPUT^ESIST^CE (Oi™S) 


MC1550G 


TYPICAL CHARACTERISTICS (continued) 


FIGURE 5 - INPUT RESISTANCE AND CAPACITANCE 
versus FREQUENCY 
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y21, FORWARD-TRANSFER ADMITTANCE (mmhos) 


IVIC1550G 


TYPICAL CHARACTERISTICS (continued) 



40 50 60 70 80 90 

(. FREQUENCY (MHz) 


FIGURE 12-NOISE FICHJRE AND OPTIMUM SOURCE 
RESISTANCE versus FREQUENCY 


FIGURE 13-NOISE FIGURE versus SOURCE RESISTANCE 





FIGURE 14 - y2i, FORWARD-TRANSFER ADMITTANCE 
versus FREQUENCY 



1 0 3 0 6 0 10 30 60 100 


f, FREQUENCY (MHz) 


FIGURE 15-/21. FORWARD-TRANSFER ADMITTANCE 
versus AGC VOLTAGE 



VaGC.AGCVOLTAGE(VOLTS) 
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m, OUTPUT-ADMITTANCE (mmhos) ^ y,2, REVERSE TRANSFER-ADMITTANCE Oimhos) 


MC1550G 


TYPICAL CHARACTERISTICS 

(Vcc = 6 OVdc, = -i-25°C unless otherwise noted.) 


FIGURE 16-yi2. reverse TRANSFER-ADMITTANCE 
versus FREQUENCY 


FIGURE 17 -VI -j, INPUT-ADMITTANCE versus FREQUENCY 



1.0 3 0 6 0 10 30 60 100 


I, FREQUENCY (MHz) 



1 0 3 0 6 0 10 30 60 100 

f, FREQUENCY (MHz) 


The y 12 thownin Figure 16 illustratesthe extremely low feedback of theMCUSO 
with no contribution from the external mounting circuitry However, in many 
cases the external circuitry may contribute as much or more to the total feedback 
than does the MC1S60 

To perform more accurate design calculations of gam, stability, and input - output 
impedances it is recommended that the designer first determine the total feed 
back of device plus circuitry 
This can be done in one of two ways 

(1) Measure the total yig or si2 of the MC1550 installed m its mounting 
circuitry, or 

(2) Measure the yi2 of the circuitry alone (without the MC1560 installed) and 
add the circuit y|2 to the yi2 for the MC1550 given in Figure 16 



10 3 0 6 0 10 30 60 100 

f, FREQUENCY (MHz) 


FIGURE 19 - syi AND S 22 . INPUT AND OUTPUT 
REFLECTION COEFFICIENT 
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S1I .MAGNITUDE OF INPUT 
REFLECTION COEFFICIENT 


MC1550G 


TYPICAL CHARACTERISTICS (continued) 
(Vcc = 6-0 Vdc, Ta = +25°C unless othenwise noted.) 


FIGURE 20-$|i, INPUT REFLECTION FIGURE 21 -S 22 .OUTPUT REFLECTION 

COEFFICIENT versus FREQUENCY COEFFICIENT versus FREQUENCY 
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FIGURE 22-S21, FORWARD TRANSMISSION FIGURE 23-si2. REVERSE TRANSMISSION 

COEFFICIENT (GAIN) COEFFICIENT (FEEDBACK) 





922. ANGLE OF OUTPUT REFLECTION 
COEFFICIENT (DEGREES) 











ORDERING INFORMATION 


MC1552G 

MC1553G 


Temperature Range 


-SS'C to +125-0 
-55-0 to +125-C 


Package 


Metal Can 
Metal Can 


MC1552G 

MC1553G 


VIDEO AMPLIFIERS 


These devices consist of a three-stage, direct-coupled, common- 
emitter cascade incorporating series feedback to achieve stable 
voltage gain, low distortion, and wide bandwidth. They employ a 
temperature-compensated dc feedback loop to stabilize the operating 
point and a current-biased emitter follower output and are intended 
for use as either wide-band linear amplifiers or as fast rise pulse 
amplifiers. 


• High Gain-34 dB ± 1 dB (MC1552) 

52dB± 1 dB (MC1553) 

• Wide Bandwidth-40 MHz (l\/IC1552) 

35 MHz (MC1553) 

• Low Distortion - 0.2% at 200 kHz 

• Low Temperature Drift - ±0.002 dB/°C 


HIGH FREQUENCY 
VIDEO AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


CASE 603B 
METAL PACKAGE 



PIN CONNECTIONS 


MAXIMUM RATINGS (T/^ = +25°C unless otherwise noted.) 


Rating 


Power Supply Voltage, Pin 9 


Input Differential Voltage, Pm 1 to Pin 2 
(Rs = 500 ohms) 


Power Dissipation (Package Limitation) 
Derate above T/y = +2S°C 


Operating Ambient Temperature Range 


Storage Temperature Range 



680 mW 

4.6 mW/°C 


-55 to-n 25 °C 


-65 to +150 °C 


Ext. 

Capacitor 


j(6j Output Gnd 








































MC1552G, MC1553G 


ELECTRICAL CHARACTERISTICS (Unless otherwise noted, * 25°C, Vqq * 6 0 V and specification applies for all 
Gam Selection options 


Characterist 


Voltage Gam 

(Gam Option « 50) 
(Gain Option « 100) 
(Gam Option » 200) 
(Gam Option » 400) 
-55°C <Ta < 125°C 
(Gam Option » 50) 
(Gam Option « 100) 
(Gam Option « 200) 
(Gam Option * 400) 


Voltage Gam Variation 
(-55°C <Ta < 125°C) 


Small-Signal Bandwidth 
(Gam Option * 50) 
(Gam Option « 100) 
(Gam Option » 200) 
(Gam Option » 4001 


Input Impedance 

(f= 100 kHz. Rl= 1 Okn) 


Output Impedance 

(f * 100 kHz. Rs = 50ni 


DC Output Voltage 

(-55°C<Ta< 125°C) 


DC Output Voltage Variation 
(-55°C <Ta < 125°C) 


Output Voltage Range (zl <10 kfl, C, = 100 mV rms) 
I-55 °C<Ta< 125^0 


Power Supply Current 

(-55°C <Ta< 125^0__ 


Propagation Delay Time 
(Gam Option * 50) 
(Gam Option 100) 
(Gam Option » 200) 
(Gam Option « 400) 


Transition (Rise) Time 
(Gam Option » 50) 
(Gam Option « KX)) 
(Gam Option » 200) 
(Gain Option « 400) 



Noise Figure 

(RS = 400 n, fo * 30 MHzJBW = 30 MHz) (See Figure 14) 


Total Harmonic Distortion 

(Vo “2.0 Vp-p, f» 200 kHz. Rl- 1 Okfi) 


1. 

NOTES 

Ground Pin 6 as close to package as possible to minimize 

Figure 8. Under these conditions, the following equations 

2. 

overshoot. Best results are usually obtained by directly 
grounding the package. 

If large input and output coupling capacitors are used. 

must be used to determine Cl and C2 rather than the circuits 
shown m Figure 5. 

3. 

place a shield between them to avoid input-output coupling. 

A high-frequency capacitor must always be used to by- 

Fig. 5b Cl- . Farads; C2 - 8 C1(Vo/V,) Farads 

27rfc(1.7 X 10^) ° 

4. 

pass the power supply. This capacitor should be as close to 
the circuit as possible. 

/ Mltage gain can be adjusted to any value between 50 and 

Vo/Vj 

Fig. 5c Cl -- - Farads 

27rfc(1.5 X 10“*) 


3000 by connecting an external resistor from Pin 4 to ground 
on MC1552. or from Pin 3 to ground on MC1553. as shown in 

Vq/V,- 

Fig. 5d C2 = - Farads 

27rf^.(3 X ICH) 



































































































































Gp, PARALLEL INPUT CONDUCTANCE (mmhos) Gp, PARALLEL INPUT CONDUCTANCE (mmhos) 


MC1552G, MC1553G 


INPUT ADMITTANCE 

(Vcc = 60 Vdc, Rl = 1.0 kn.TA = +25°C) 


FIGURE 9 - GAIN = 50 


FIGURE 10-GAIN = 100 



FIGURE 11-GAIN = 200 



FIGURE 13 - OUTPUT IMPEDANCE versus FREQUENCY 





FIGURE 14 - BANDWIDTH versus SOURCE RESISTANCE 

















ORDERING INFORMATION 


Device 

Temperature Range 

Package 

MC1454G 

0°C to -fTO^C 

Metal Can 

MC1554G 

-SS^C to -|-125°C 

Metal Can 


MC1454G 

MC1554G 


1-WATT POWER AMPLIFIERS 


1-WATT 

POWER AMPLIFIER 
INTEGRATED CIRCUIT 


. . . designed to amplify signals to 300-kHz with 
1-Watt delivered to a direct coupled or capac- 
itively coupled load. 


• Low Total Harmonic Distortion — 0.4% (Typ) @ 1 Watt 

• Low Output Impedance — 0.2 Ohm 

• Excellent Gain — Temperature Stability 


SILICON MONOLITHIC 
EPITAXIAL PASSIVATED 
























IV1C1454G,1VIC1554G 


ELECTRICAL CHARACTERISTICS (Tq = +25°C unless othenwise noted) 
Frequency compensation shown in Figures 6 and 7. 


Characteristic 

Figure 

Rl 

(Ohms) 

Gain 

Option* 

Symbol 

MCI554 
(-55 to+125°CI 

MCI 454 
(0 to +70°C) 

Unit 


Typ 





Output Power (foreoijt<5.0%THD) 

1 

16 

- 


1.0 

1.1 

- 

- 

1.0 

- 

Watt 

Power Dissipation ((S) Pout 1 -0 

1 

16 

- 

Pd 

- 

0.9 

IB 

- 


- 


Voltage Gain 


16 

10 


8.0 

10 

12 


■9 


v/v 



16 

18 



18 

- 


19 





16 

36 


- 

36 

- 





Input Impedance 

1 

- 

10 

^in 

7.0 

10 

- 


mm 

- 

m 

Output Impedance 

1 

- 

10 

Zo 

- 

wm 

- 


mkm 

- 

n 

Power Bandwidth 

2 

16 

10 

BW 





270 


kHz 

(for eout<5.0%THD) 


16 

18 






250 





16 

36 



REH 



210 



Total Harmonic Distortion 

2 

■■ 


thd 


■I 

im 

mm 


■H 

% 

(for e,n<0.05%THD, f = 20 Hz 









■ 



to 20 kHz) 


HH 










Pout “ 1.0 Watt (sinewave) 


mm 

10 









Pout ” 0-1 Watt (sinewave) 


■■ 

10 



0.5 


mi 


m 


Zero Signal Current Drain 

3 

00 

- 

•d 

- 

11 

■ai 

- 

mm 



Output Noise Voltage 

3 

16 

10 

Vn 

- 

0.3 

- 

- 

mam 

- 


Output Quiescent Voltage 

4 

16 

- 

Vq (dc) 

_ 

±10 

±30 

- 

±10 

_ 

mVdc 

(Split Supply Operation) 












Positive Supply Sensitivity 

5 

00 

_ 

S+ 

- 

-40 

- 


-40 

- 

mV/V 

(VgE constant) 












Negative Supply Sensitivity 

5 

OO 

_ 

S" 

- 

-40 

_ 

_ 

-40 

_ 

mV/V 

(Vcc constant) 













*To obtain the voltage gam characteristic desired, use the following pin connections Voltage Gain Pin Connection 

10 Pins 2 and 4 open. Pin 5 to ac ground 

18 Pins 2 and 5 open. Pin 4 to ac ground 

36 Pin 2 connected to Pin 5, Pin 4 to ac ground 


Characteristic Definitions 
(Linear Operation) 
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MC1454G,MC1554G 


MAXIMUIVl RATINGS (Tq = +25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Total Power Supply Voltage 

IVccI + IVeeI 

18 

Vdc 

Peak Load Current 

•out 

0.5 

Ampere 

Audio Output Power 

Pout 

1.8 

Watts 

Power Dissipation (package limitation) 





Ta = +25°C 


Pd 

600 

mW 

Derate above 25°C 


1/0Ja 

4.8 

mW/°C 

Tc = +25°C 


Pd 

1.8 

Watts 

Derate above 25°C 


1/0JC 

14.4 

mW/°C 

Operating Temperature Range 

MC1454 

Ta 

0 to +70 

°C 


MC1554 


-55 to +125 


Storage Temperature Range 

Tstg 

-55 to +150 

°C 


TYPICAL CONNECTIONS 

FIGURE 6 - SPLIT SUPPLY OPERATION VOLTAGE FIGURE 7 - SINGLE SUPPLY OPERATION VOLTAGE 

GAIN (AvI = 10, fLOW~25 Hz GAIN (Ay) = 10, fLOW'^100 Hz 




RECOMMENDED OPERATING CONDITIONS 


In order to avoid local VHF instability, the following set of rules must be 
adhered to. 

1 An R C stabilizing network (0 1 /(.F m series with 10 ohms) should be 
placed directly from pm 9 to ground, as shown m Figures 6 and 7. using 
short leads, to eliminate local VHF instability caused by lead inductance 
to the load 

2 Excessive lead inductance from theVgC supply to pm 10 can cause high 
frequency instability To prevent this, the Vggby-pass capacitor should 
be connected with short leads from the Vgg pin to ground If this capaci 
tor IS remotely located a series R C network (0 1 /iF and 10 ohms) should 
be used directly from pin 10 to ground as shown in Figures 6 and 7 


3 Lead lengths from the external components to pins 7, 9. and 10 of the 
package should be as short as possible to insure good VHF grounding 
for these points 

Due to the large bandwidth of the amplifier, coupling must be avoided be¬ 
tween the output and input leads This can be assured by either (a) use of 
short leads which are well isolated, (b) narrow banding the overall amplifier 
by placing a capacitor from pin 1 to ground to form a low pass filter in com¬ 
bination with the source impedance, or (c) use of a shielded input cable In 
applications which require upper band edge control the input low pass filter 
IS recommended 


TYPICAL CHARACTERISTICS 


FIGURE 8 - TOTAL HARMONIC DISTORTION 
versus LOAD RESISTANCE 
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FIGURE 9 - TOTAL HARMONIC DISTORTION 
versus FREQUENCY 
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IV1C1454G, MC1554G 


















Specifications and. Applications 
Information 


TIMING CIRCUIT 

The MCI 555/MCI 455 monolithic timing circuit is a highly stable 
controller capable of producing accurate time delays, or oscillation. 
Additional terminals are provided for triggering or resetting if desired. 
In the time delay mode of operation, the time is precisely controlled 
by one external resistor and capacitor. For astable operation as an 
oscillator, the free running frequency and the duty cycle are both 
accurately controlled with two external resistors and one capacitor. 
The circuit may be triggered and reset on falling waveforms, and 
the output structure can source or sink up to 200 mA or drive 
MTTL circuits. 

• Direct Replacement for NE555/SE555 Timers 

• Timing From Microseconds Through Hours 

• Operates in Both Astable and Monostable Modes 

• Adjustable Duty Cycle 

• High Current Output Can Source or Sink 200 mA 

• Output Can Drive MTTL 

• Temperature Stability of 0.005% per °C 

• Normally "On’’ or Normally "Off" Output 


FIGURE 1 - 22^ECOND SOLID-STATE TIME DELAY RELAY CIRCUIT 


TIMING CIRCUIT 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


PI SUFFIX 
PLASTIC PACKAGE 
CASE 626 
(Top View) 
(IV1C1455P1 only) 




1. Ground 

2. Trigger 

3. Output 

4. Reset 

5. Control Voltage 

6. Threshold 

7. Discharge 

8. Vcc 


U SUFFIX 

CERAMIC PACKAGE 
CASE 693 




G SUFFIX 
METAL PACKAGE 
CASE 601 

1. Ground 

2. Trigger 

3. Output 

4. Reset 

6. Control Voltage 

6. Threshold 

7. Discharge 

8. Vcc 



TYPICAL APPLICATIONS 

Time Delay Generation • Precision Timing • Missing Pulse Detection 
Sequential Timing • Pulse Generation • Pulse Width Modulation 

Linear Sweep Generation • Pulse Shaping • Pulse Position Modulation 
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MC1455, MC1555 


MAXIMUM RATINGS (T/\ = +25°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 


+ 18 

IQQI 

Discharge Current (Pin 7) 

'7 

200 

WEm 

Power Dissipation (Package 

Pd 



Limitation) 




Metal Can 


680 

mW 

Derate above T/\ = +25°C 


4.6 

mW/°C 

Plastic Dual In-Line Package 


625 

mW 

Derate above T^ = +25°C 


5.0 

mW/°C 

Operating Temperature 

Ta 


°C 

Range (Ambient) MC1555 


-55 to +125 


MC1455 


0 to +70 


Storage Temperature Range 

Tstg 

-65 to +150 

°c 



ELECTRICAL CHARACTERISTICS (T/^ = +25°C, Vqc = +5.0 V to +15 V unless otherwise noted.) 


Characteristics 

Symbol 

MC1555 

MCI455 

Unit 


Typ 



Typ 


Supply Voltage 

Vcc 

4.5 

- 

18 

4 5 

- 

16 

V 

Supply Current 

'cc 




9^9 



mA 

Vcc = 5.0 V, Rl = “ 



3.0 

50 


30 

6.0 


Vcc= 15 V, Rl=«' 



10 

12 


10 

15 


Low State, (Note 1) 









Timing Error (Note 2) 




999 



^^91 


R = 1.0 kn to 100 kn 









Initial Accuracy C = 0.1 pF 



0.5 



1.0 


% 

Drift with Temperature 



30 

100 


50 


PPM/°C 

Drift with Supply Voltage 



0.05 

0.20 


0.10 


%/Volt 

Threshold Voltage 

Vth 

- 

2/3 

_ 

- 

2/3 


xVcc 

Trigger Voltage 

vt 




999 


^^99 


Vcc = 15 V 


4.8 

5.0 

5.2 


5.0 



Vcc = 5.0 V 


1.45 

1.67 

1.9 

9BI 

1.67 

91^1 

^991 

Trigger Current 

't 

- 

0.5 

- 

- 

0.5 

- 

mA 

Reset Voltage 

Vr 

0.4 

07 

1.0 

0.4 

0 7 

1 0 

V 

Reset Current 

'r 

- 

0.1 

- 

- 

0.1 

- 

mA 

Threshold Current (Note 3) 

Uh 

- 

0.1 

0.25 

- 

0.1 

0.25 

uA 

Discharge Leakage Current (Pin 7) 

'dis 

- 

- 

100 

- 

- 

100 

nA 

Control Voltage Level 

VCL 







V 

Vcc = 15 V 


9.6 

10 

10.4 

9.0 

10 

11 


Vcc = 5.0 V 


2.9 

3.33 

3.8 

2.6 

3.33 

4.0 


Output Voltage Low 

VOL 








(Vcc= 15 V) 








V 

Uink ~ 10 ftiA 



0.1 

0.15 


0.1 

0.25 


'sink = 50 mA 



0.4 

0.5 


0.4 

0.75 


'sink =100 mA 



2.0 

2.2 


2.0 

2.5 


'sink = 200 mA 



2.5 

- 


2.5 

- 


(Vcc = 5.0 V) 









'sink = 8.0 mA 



0.1 

0.25 


- 

- 


'sink = 5.0 mA 


999 

- 

- 

91^9 

0.25 

0.35 


Output Voltage High 

VOH 







V 

^'source = 200 mA) 









Vcc = 15 V 


- 

12.5 


- 

12.5 



^^source* 100 mA) 









Vcc = 15 V 


13 

13.3 


12.75 

13.3 



Vcc = 5.0 V 


3.0 

3.3 


2.75 

3.3 



Rise Time of Output 

tOLH 

- 

100 

- 

- 

100 

- 

ns 

Fall Time of Output 

lOHL 

- 

9^9 

- 

- 

100 

- 

ns 


NOTES: 


1. Supply current when output is high is typically 1.0 mA less. S.Thiswill determine the maximum value of + Rg for 15 V operation. 

2. Tested at Vcc “ 5.0 V and Vcc = 15 V. The maximum total R = 20 megohms. 

Monostable mode 































































































t(j, DELAY TIME NORMALIZED = VQt., (Vdc) PW.PULSEWIDTH (nsmm) 


MC1455, MC1555 


TYPICAL CHARACTERISTICS 

(T/^ = +25°C unless otherwise noted.) 


FIGURE 4 - TRIGGER PULSE WIDTH FIGURE 5 - SUPPLY CURRENT FIGURE 6 - HIGH OUTPUT VOLTAGE 
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FIGURE 7 - LOW OUTPUT VOLTAGE 
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FIGURE 8 - LOW OUTPUT VOLTAGE 
@ Vcc = 10 Vdc 
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FIGURE9-LOW OUTPUT 
VOLTAGE @ Vcc = 15 Vdc 
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FIGURE 10 - DELAY TIME 
versus SUPPLY VOLTAGE 


FIGURE 11 - DELAY TIME 
versus TEMPERATURE 


FIGURE 12 - PROPAGATION DELAY 
versus TRIGGER VOLTAGE 
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FIGURE 13 - REPRESENTATIVE 

CIRCUIT SCHEMATIC 



GENERAL OPERATION 


The MCI555 is a monolithic timing circuit which uses as its 
timing elements an external resistor — capacitor network. It can 
be used in both the monostable (one-shot) and astable modes 
with frequency and duty cycle controlled by the capacitor and 
resistor values. While the timing is dependent upon the external 
passive components, the monolithic circuit provides the starting 
circuit, voltage comparison and other functions needed for a com¬ 
plete timing circuit. Internal to the integrated circuit are two 
comparators, one for the input signal and the other for capacitor 
voltage; also a flip-flop and digital output are included. The com¬ 
parator reference voltages are always a fixed ratio of the supply 
voltage thus providing output timing independent of supply voltage. 


Monostable Mode 

In the monostable mode, a capacitor and a single resistor are 
used for the timing network. Both the threshold terminal and the 
discharge transistor terminal are connected together in this mode, 
refer to circuit Figure 14. When the input voltage to the trigger 
comparator falls below 1/3 Vcc ifi® comparator output triggers 
the flip-flop so that it's output sets low. This turns the capacitor 
discharge transistor "off" and drives the digital output to the high 
state. This condition allows the capacitor to charge at an ex¬ 
ponential rate which is set by the RC time constant. When the 
capacitor voltage reaches 2/3 Vqc the threshold comparator resets 
the flip-flop. This action discharges the timing capacitor and re¬ 
turns the digital output to the low state. Once the flipr-flop has 
been triggered by an input signal, it cannot be retriggered until 
the present'timing period has been completed. The time that the 
output is high is given by the equation t = 1.1 R/\ C. Various 
combinations of R and C and their associated times are shown in 
Figure 16. The trigger pulse width must be less than the timing 
period. 


A reset pin is provided to discharge the capacitor thus inter¬ 
rupting the timing cycle. As long as the reset pin is low, the capaci¬ 
tor discharge transistor is turned "on" and prevents the capacitor 
from charging. While the reset voltage is applied the digital output 
will remain the same. The reset pin should be tied to the supply 
voltage when not in use. 



FIGURE 14- MONOSTABLE CIRCUIT 
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GENERAL OPERATION (continued) 


FIGURE 15 - MONOSTABLE WAVEFORMS 
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Astable Mode 

In the astable mode the timer is connected so that it will 
retrigger itself and cause the capacitor voltage to oscillate between 
1/3 Vqc and 2/3 Vcc- See Figure 17. 

The external capacitor charges to 2/3 Vqc through Ra and Rb 
and discharges to 1/3 Vcc through Rb- By varying the ratio of 
these resistors the duty cycle can be varied. The charge and 
discharge times are independent of the supply voltage. 

The charge time (output high) is given by: ti = 0.695 (Ra+Rb^ ^ 

The discfiarge time (output low) by: t 2 = 0.695 (Rb) C 

Thus the total period is given by: T = t^ + t 2 = 0.695 (Ra+ZRb) C 

The frequency of oscillation is then: f = — =-- 

T (Ra+2Rb) C 

and may be easily found as shown in Figure 19. 

Rb 

The duty cycle is given by: DC -- 

flA‘''2RB 

To obtain the maximum duty cycle Ra must be as small as 
possible; but it must also be large enough to limit the discharge 
current (pin 7 current) within the maximum rating of the discharge 
transistor (200 mA). 

The minimum value of Ra is given by: 

„ >Vcc(Vdc) ^Vcc(Vdc) 

I 7 (A) 0.2 


FIGURE 17 - ASTABLE CIRCUIT 



FIGURE 18 - ASTABLE WAVEFORMS 



t - 20 #is/cm 


(Ra = 5.1 kn, C =0.01 pF. Rl = 1 . 0 kn; 
BB = 3.9kn, Vcc“ 15 V) 
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APPLICATIONS INFORMATION 


Linear Voltage Ramp 

In the monostable mode, the resistor can be replaced by a con¬ 
stant current source to provide a linear ramp voltage. The capaci¬ 
tor still charges from 0 to 2/3 V^c- The linear ramp time is given 
by j ^ 2 

3 I 

Vcc - Vg- Vbe 

where I = -. If Vg is much larger than VgE. 

pe 

then t can be made independent of Vcc- 


Missing Pulse Detector 

The timer can be used to produce an output when an input 
pulse fails to occur within the delay of the timer. To accomplish 
this, set the time delay to be slightly longer than the time between 
successive input pulses. The timing cycle is then continuously reset 
by the input pulse tram until a change in frequency or a missing 
pulse allows completion of the timing cycle, causing a change in 
the output level. 


FIGURE 20 - LINEAR VOLTAGE SWEEP CIRCUIT 



FIGURE 22 


+ Vcc (5 to 15 V) 





t = 100 Ms/cm 


t = 500 Ais/cm 
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APPLICATIONS INFORMATION (continued) 


Pulse Width Modulation 

If the timer is triggered with a continuous pulse train in the 
monostable mode of operation, the charge time of the capacitor 
can be varied by changing the control voltage at pin 5. In this 
manner, the output pulse width can be modulated by applying 
a modulating signal that controls the threshold voltage. 


FIGURE 24 
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FIGURE 25 - PULSE WIDTH MODULATION WAVEFORMS 
(Ra = 10 kn, C = 0.02 pF, Vcc = 15 V) 



1 = 05 ms/cm 


Test Sequences 

Several timers can be connected to drive each other for sequen¬ 
tial timing. An example is shown in Figure 26 where the sequence 
IS started by triggering the first timer which runs for 10 ms. The 
output then switches low momentarily and starts the second timer 
which runs for 50 ms and so forth. 



FIGURE 26 


Vcc <5 to 15 V) 



Load ” ~ Load “ “ Load 
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RF/IF/AUDIO AMPLIFIER 

... an integrated circuit featuring wide-range AGC for use in RF/IF 
amplifiers and audio amplifiers over the temperature range, -55 to 
-l■125°C. See Motorola Application Note AN-513 for design details. 

• High Power Gain — 50 dB typ at 10 MHz 

45 dB typ at 60 MHz 
35 dB typ at 100 MHz 

• Wide-Range AGC - 60 dB min, dc to 60 MHz 

• Low Reverse Transfer Admittance — <10 pmhos typ at 60 MHz 

• 6.0 to 15-Volt Operation, Single-Polarity Power Supply 


MAXIMUM RATINGS (T^ = -t-25°C unless otherwise noted) 




WIDEBAND AMPLIFIER 
WITH AGC 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


PIN CONNECTIONS 



G SUFFIX Non*lnv.f3^ / 
METAL PACKAGE Input 

CASE 601 Subitntt 

TO-99 Ground 


ADMITTANCE PARAMETERS (Vcc = +12 Vdc, 
Ta = +25°C) 


f = MHz 

Parameter Symbol 1'yP Unit 


Single-Ended Input 
Admittance 


Single-Ended Output 
Admittance 


Forward Transfer 
Admittance 
(Pin 1 to Pin 5) 


Reverse Transfer 
Admittance* 


'The value of Reverse Transfer Admittance includes 
the feedback admittance of the test circuit used in 
the measurement. The total feedback capacitance 
(including test circuit) is 0.025 pF and is a moie 
practical value for design calculations than the in¬ 
ternal feedback of thedevice alone. (See Figure 10.1 



SCATTERING PARAMETERS (Vcc = +12 Vdc, 
Ta = +250C, Zo = 50 n) 


f = MHz 

Parameter Symbol! TVP— 


ISiill 0.95 I 0.93 


Output 

Reflection 

Coefficient 


Forward 

Transmission 

Coefficient 


Reverse 

Transmission 

Coefficient 


-16 I degrees 


I $22 1 0.99 0.98 

022 ”3.0 -5.5 degrees 


|S 2 ii 16.8 14.7 
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ELECTRICAL CHARACTERISTICS (Vcc = 12 Vdc, f = 60 MHz, BW = 1.0 MHz, Ta = -550C to 1250C unless otherwise noted) 


. . MC1590 

Characteristic ^ . ... i-^ I- 

Fig. Symbol Min I Typ I Max Unit 


WaGC 


Characteristic 

AGC Range 


(V2(AGC) = 5.0 V to 7.0 V) 


(V2(AGC) ^ 5.0 V to 7.0 V, Ta = 250C) 

Single-Ended Power Gain 

(Ta = 250c) 

Noise Figure 


(Rj optimized for best NF) 

(Ta = 2500 

Output Voltage Swing 


Differential Output 


(OdB AGC) 

(OdB AGC.Ta = 250C) 

(-30 dB AGC) 

(-30 dB AGC, Ta = 250C) 


Single-Ended Output (Pin 5,6) 


(OdB AGC) 

(OdB AGC,Ta = 250C) 

(-30 dB AGC) 

(-30 dB AGC, Ta = 25°C) 


Output Stage Current 


(Sum of Pins 5 and 6) 

(Ta = 2500 

Output Current Matching 


(Magnitude of Difference of Output Currents) 

(I5- l6) 

(Ta = 250c) 

Power Supply Current 


(Vo = 0V) 

(Vo = 0 V, Ta = 2500 


Power Consumption (12 x Icc) 


(V| = 0 V) 

(V( = 0V,Ta = 25OC) 



FIGURE 1 - UNNEUTRALIZED POWER GAIN versus FREQUENCY 
ITuned Amplifier, See Figure 24) 


FIGURE 2 - VOLTAGE GAIN versus FREQUENCY 
(Video Amplifier, See Figure 26) 


ijiiiiiiimmii 

iiiiiiiiiniiiijiii 

l■lllll■■llllllll 

l■lllllll ■■lllll lll 

l|lllllll■fi«lll 

iilniiilniiiiiiii 

l■llllll■■llllllll 

lllllllll■lllllllll 

l|lllllll■PI^9llll 


IIIIIIBlBa 

MIIIIIIIMmill 

iiiiiiiiiniiiiii 

IIIKillIHUIIII 

iiiiiiKiniiiiii 

iiii:!!IMIIIIIII 

iiiiiiiliiniiiiiii 

illlllllllKllllli 

iiiiiiimiiiiiiii 

iiiiiiiiiSliMlilll 


f, FREQUENCY (MHz) 
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TYPICAL CHARACTERISTICS 

(V2 (AGO “ 0, Vcc “ 12 Vdc, T/v = +25°C unless otherwise noted) 


FIGURE 3 - DYNAMIC RANGE: OUTPUT VOLTAGE versus 
INPUT VOLTAGE (Video Amplifier, See Figure 26) 


FIGURE 4 - VOLTAGE GAIN versus FREQUENCY 
(Video Amplifier, See Figure 26) 
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FIGURE 5 - VOLTAGE GAIN AND SUPPLY CURRENT versus 
SUPPLY VOLTAGE (Video Amplifier, See Figure 26) 


FIGURE 6 - TYPICAL GAIN REDUCTION 
versus AGC VOLTAGE 
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FIGURE 7 - TYPICAL GAIN REDUCTION versus AGC CURRENT 
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FIGURE 8 - FIXED TUNED PDWER GAIN REDUCTION 
versus TEMPERATURE (See Test Circuit, Figure 24) 
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TYPICAL CHARACTERISTICS (continued) 


FIGURE 9 - POWER GAIN versus SUPPLY VOLTAGE 
(See Test Circuit, Figure 24) 


FIGURE 10 - REVERSE TRANSFER ADMITTANCE versus 
FREQUENCY (See Parameter Table, Page 1) 
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TYPICAL CHARACTERISTICS (continued) 


FIGURE 14- SINGLE-ENDED OUTPUT ADMITTANCE 
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f, FREQUENCY (MHz) 



20 30 40 60 80 100 

f, FREQUENCY (MHz) 


200 


FIGURE 16 - HARMONIC DISTORTION versus AGC GAIN 
REDUCTION FOR AM CARRIER (For Test Circuit, See Figure 17) 



GAIN REDUCTION (dB) 


FIGURE 17 - 10.7-MHz AMPLIFIER 
Gain 55 iJB. BW £== 100 kHz 



on 9T12 44 Micro MetsI 
Toroid Core (-124 pF) 

L2 » 20 Turns. No 22AWGWire 
onaT1244 Micro Metal 
Toroid Core (-100 pF) 


FIGURE 18- Y 21 , FORWARD TRANSFER ADMITTANCE 
RECTANGULAR FORM 


FIGURE 19 - Y 21 , FORWARD TRANSFER ADMITTANCE 
POLAR FORM 
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TYPICAL CHARACTERISTICS (continued) 


FIGURE 20 - Si 1 AND $ 22 . INPUT AND OUTPUT 
REFLECTION COEFFICIENT 


FIGURE 21 - Si 1 AND S 22 . INPUT AND OUTPUT 
REFLECTION COEFFICIENT 



-40 
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-90 



FIGURE 22 - S 21 , FORWARD TRANSMISSION 
COEFFICIENT (GAIN) 


FIGURE 23 - S 12 . REVERSE TRANSMISSION 
COEFFICIENT (FEEDBACK) 
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TYPICAL APPLICATIONS (continued) 

FIGURE 29 - TWO-STAGE 60 MHz IF AMPLIFIER (Power Gain ^ 80 dB, BW ^ 1.5 MHz) 


Vr(AGC) 



FIGURE 30 - SPEECH COMPRESSOR 



DESCRIPTION OF SPEECH COMPRESSOR 

The amplifier drives the base of a PNP MPS6517 operating common-emitter with a voltage gain of approxi¬ 
mately 20. The control R1 varies the quiescent Q point of this transistor so that varying amounts of signal 
exceed the level V^. Diode D1 rectifies the positive peaks of Ql's output only when these peaks are greater 
than Vf — 7.0 Volts. The resulting output is filtered by C^, R^. 

Rj^ controls the charging time constant or attack time. C^ is involved in both charge and discharge. R2 (the 
150 kfl and input resistance of the emitter-follower Q2) controls the decay time. Making the decay long and 
attack short is accomplished by making R^ small and R2 large. (A Darlington emitter-follower may be needed 
if extremely slow decay times are required.) 

The emitter-follower Q2 drives the AGC Pin 2 of the MC1590 and reduces the gain. R3 controls the slope 
of signal compression. The following graph (Figure 31) details performance with R3 set to 15 kJ2. 




Bp, OUTPUT VOLTAGE (VOLTS) 


MC1590 



FIGURE 32 - OUTPUT CURRENT, 
CURRENT MATCH AND Iqc FIXTURE 



TABLE I - DISTORTION versus FREQUENCY 


6 


Note: (1) Decay = 300 ms 
Attack = 20 ms 

(2) Cx=7.5mF 
Rx ” 0 (Short) 

(3) Decay = 20 ms 
Attack = 3 ms 

(4) Cx = 0.68 mF 
Rx = 1.5kn 
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Vo. OUTPUT VOLTAGE (VOLTS) 


Device 

MC1494L 

MC1594L 


Temperature Range 

0°C to +70°C 
-55°C to +125''C 


Package 

Ceramic DiP 
Ceramic DIP 


Specifica.tioi:iS a^rxcl Applica,tions 
InfO]?ma.tiori 


MONOLITHiC FOUR-QUADRANT MULTIPLIER 

. . . designed for use where the output voltage is a linear product of 
two input voltages. Typical applications include; multiply, divide, 
square root, mean square, phase detector, frequency doubler, balanced 
modulator/demodulator, electronic gain control. 

The MC1594/1494 is a variable transconductance multiplier with 
internal level-shift circuitry and voltage regulator. Scale factor, input 
offsets and output offset are completely adjustable with the use of four 
external potentiometers. Two complementary regulated voltages are 
provided to simplify offset adjustment and improve power-supply 
rejection. 

• Operates With ±15 V Supplies 

• Excellent Linearity — Maximum Error (X or Y); ± 0.5% (MC1594) 

± 1.0% (MCI494) 

• Wide Input Voltage Range — ±10 volts 

• Adjustable Scale Factor, K (0.1 nominal) 

• Single-Ended Output Referenced to Ground 

• Simplified Offset Adjust Circuitry 

• Frequency Response (3 dB Small-Signal) - 1.0 MHz 

• Power Supply Sensitivity — 30 mV/V typical 


MC1494L 

MC1594L 


LINEAR FOUR-QUADRANT 
MULTIPLIER INTEGRATED 
CIRCUIT 

MONOLITHIC SILICON 
EPITAXIAL PASSIVATED 




CERAMIC PACKAGE 
CASE 620 
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Symbol 

Value 

Unit 

v+ 

+18 

Vdc 

V 

-18 


Vg-Vg 

± |6 + li RyI<30 

Vdc 

Vt0-''13 

i l6 + ltRxl<30 




Vdc 

VcMY 

±11 5 


VCMX 

±11 5 


Pd 

750 

mW 

1/0 JA 

50 

mW/°C 

Ta- 




-55 to+125 



1 0to+ 70 


Tstg 

-65 to+150 



MAXIMUM RATINGS IT^ ® +25°C unless otherwise noted) 
Rating Symbol 

Power Supply Voltage V'*' 

V 

DifferentiaMnput Signal V9—Vg ±( 

_ V 10 -V 13 ^ 

Common-Mode I nput Voltage 

VCMY “ Vg = Ve VCMY 

VCMX ° ViO* V13 _ VCMX 

Power Dissipation {Package Limitation) 

Ta = +25OC Pd 

Derate above Ta * +25°C UOja 

Operating Temperature Range Ta ' 

MC1594 

MCU94 

Storage Temperature Range Tstg 


ELECTRICAL CHARACTERISTICS IV* --+15 V. v* = -i5 v.Ta^ ♦25°C. R 1 = 16k«2. Rx ‘ 30 ki*. Ry 

unless otherwise noted) 


Linearity 

Output error in Percent of full scale 
-10 V<Vx< + 10V (Vy = tio V) 
-10V<Vy<+10V (Vx= ±10 VI 
Ta = +25°c 
“ ^high (D 
Ta = T|o« (D 


Input 

Voltage Range (Vx = Vy “ Vm) 
Resistance (X or Y Input) 

Offset Voltage iX Input) (Note 1) 
(Y Input) (Note 1) 
Bias Current (X or Y Input) 
Offset Current {X or Y Input) 


Output 

Voltage Swing Capability 
Impedance 

Offset Voltage (Note 1) 
Offset Current (Note 11 


Temperature Stability {Drift) ^ 

Ta “ Th,gh to T|ovv 
Output Offset {X =0, Y =0) Voltage 
Current 

X Input Offset (Y = 0) 

Y Input Offset (X = 0l 
Scale Factor 

Total dc Accuracy Drift IX = 10. Y = 10) 


Dynamic Response 
Small Signal (3 d8) X 
Y 

Power Bandwidth (47 k) 
3® Relative Phase Shift 
1% Absolute Error 


Common Mode 
Input Swing |X or Y) 
Gain {X or Y) 


Power Supply 
Current 

Quiescent Power Dissipation 
Sensitivity 


62 kii. Ri_ = 47 kJi 



EMH 


Regulated Offset Adjust Voltages 
Positive 

Negative 

Temperature Coefficient (Vp or Vp) 
Power Supply Sensitivity (Vp or Vp) 


Note 1 Offsets cen be adjusted to zero with external potention>eters 

©Thigh’-IZS^CIorMCIsgA @T|o„ ■ - 55°C for MC1594 
*■ 70®C for MC1494 O^C for MC1494 
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Erx OR Ery. LINEARITY ERROR (%) Vq, OUTPUT VOLTAGE (Vpp) _ RELATIVE GAIN (dB) 
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TYPICAL CHARACTERISTICS 

(Unless otherwise noted, V*" = +15 V, V = -15 V, R1 = 16 kn, Rx = 30 kn, Ry = 62 kfl, Rl = 47 kTT, = +25°C) 


FIGURE 9 - FREQUENCY RESPONSE OF Y INPUT FIGURE 10 - FREQUENCY RESPONSE OF 

versus LOAD RESISTANCE X INPUT versus LOAD RESISTANCE 



)o3 ]04 IqS ,q 6 Ifll 1o3 104 lO^ IqB 10^ 


I, FREQUENCY IHz) 


I, FREQUENCY (Hz) 




100 10k 10k 100k 20 30 40 50 RX (kS2) 

f, FREQUENCY (Hz) 40 60 80 100 RY (k!i) 


FIGURE 13 - LINEARITY versus Rx OR Ry WITH K = 1 
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GENERAL INFORMATION 


CIRCUIT DESCRIPTION 


The IVIC1594 is a monolithic, four-quadrant multiplier that 
operates on the principle of variable transconductance. It 
features a single-ended current output referenced to ground 
and provides two complementary regulated voltages for use 


with the offset adjust circuits to virtually eliminate sensitivity 
of the offset voltage nulls to changes in supply voltage. 

As shown in Figure 15, the MCI594 consists of a multiplier 
proper and associated peripheral circuitry to provide these 
features. 


FIGURE 15 

(Recommended External Circuitry is Depicted With Dotted Lines) 

j--1 

I BLOCK DIAGRAM l 
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that the scale factor be exact, Rl can be comprised of a 
fixed resistor and a potentiometer as shown in Figure 16. 
It should be pointed out that there is nothing magic about 
setting the scale factor to 1/10. This is merely a convenient 
factor to use if the Vx and Vy input voltages are expected 
to be large, say ilO V. Obviously with Vx = Vy = 10 V and 
a scale factor of unity, the device could not hope to provide 
a 100 V output, so the scale factor is set to 1/10 and provides 
an output scaled down by a factor of ten For many applica¬ 
tions it may be desirable to set K = 1/2 or K = 1 or even 
K = 100. This can be accomplished by adjusting Rx, Ry 
and Rl appropriately. 

The selection of Rl is arbitrary and can be chosen after 
resistors Rx and Ry are found. Note in Figure 16 that Ry 
IS 62 kn while Rx is 30 kn. The reason for this is that the 
"Y" side of the multiplier exhibits a second order non¬ 
linearity whereas the "X" side exhibits a simple non-linearity. 
By making the Ry resistor approximately twice the value 
of the Rx resistor, the linearity on both the "X" and "Y" 
sides are made equal The selection of the Rx and Ry 
resistor values is dependent upon the expected amplitude of 
Vx and Vy inputs. To maintain a specified linearity, 
resistors Rx and Ry should be selected according to the 
following equations 

Rx^ 3 Vx (max) in kfj when Vx is m volts 

Ry & 6 Vy (max) in kfl when Vy is in volts 

For example, if the maximum input on the "X" side is 
±1 volt, resistor Rx can be selected to be 3 kfl. If the max¬ 
imum input on the “Y" side is also +1 volt, then resistor 
Ry can be selected to be 6 kn (6 2 kn nominal value). If a 
scale factor of K = 10 is desired, the load resistor is found to 
be 47 kf2 In this example, the multiplier provides a gain 
of 20 dB. 

2.2 Operational Amplifier Selection 

The operational amplifier connection in Figure 16 is a simple 
but extremely accurate current-to-voltage converter. The 
output current of the multiplier flows through the feedback 
resistor Rl to provide a low impedance output voltage from 
the op-ampi Since the offset current and bias currents of 
the op-ampl. will cause errors in the output voltage, particu¬ 
larly with temperature, one with very low bias and offset cur¬ 
rents IS recommended. The MC1556/IVIC1456 or MC1741/ 
MC1741C are excellent choices for this application. 

Since the MC1594 is capable of operation at much higher 
frequencies than the op-ampl., the frequency characteristics 
of the circuit in Figure 16 will be primarily dependent upon 
the op-ampl 

2.3 Stability 

The current-to-voltage converter mode is a most demanding 
application for an operational amplifier. Loop gain is at its 
maximum and the feedback resistor in conjunction with 
stray or input capacitance at the multiplier output adds addi¬ 
tional phase shift. It may therefore be necessary to add 
(particularly in the case of internally compensated op-ampis.) 
a small feedback capacitor to reduce loop gain at the higher 
frequencies. A value of 10 pF in parallel with Rl should be 
adequate to insure stability over production and temperature 
variations, etc. 

An externally compensated op-ampl. might be employed 
using slightly heavier compensation than that recommended 
for unity-gain operation 

2.4 Offset Adjustment 

The non-inverting input of the op-ampl. provides a convenient 
point to adjust the output offset voltage. By connecting this 
point to the wiper arm of a potentiometer (P3), the output 


offset voltage can be adjusted to zero (see offset and scale 
factor adjustment procedure). 

The input offset adjustment potentiometers, PI and P2 will 
be necessary for most applications where it is desirable to 
take advantage of the multiplier's excellent linearity char¬ 
acteristics Depending upon the particular application, some 
of the potentiometers can be omitted (see Figures 17, 19, 
22, 24 and 25). 

2.5 Offset and Scale Factor Adjustment Procedure 

The adjustment procedure for the circuit of Figure 16 is 
A. X Input Offset 

(a) connect oscillator (1 kHz, 5 Vppsinewave) to the "Y" 
input (pin 9) 

(b) connect "X" input (pin 10) to ground 

(c) adjust X-offset potentiometer, P2 for an ac null at 
the output 

B Y Input Offset 

(a) connect oscillator (1 kHz, 5 Vpp smewave) to the "X" 
input (pin 10) 

(b) connect "Y" input (pin 9) to ground 

(c) adjust Y-offset potentiometer, PI for an ac null at 
the output 

C Output Offset 

(a) connect both "X" and "Y" inputs to ground 

(b) adjust output offset potentiometer,P3, until the out¬ 
put voltage Vq, is zero volts dc 

D Scale Factor 

(a) apply -klO Vdc to both the "X" and "Y" inputs 

(b) adjust P4 to achieve -10 00 V at the output 

(c) apply -10 Vdc to both "X"and "Y"inputsand check 
for Vo =-10.00 V 

E. Repeat steps A through D as necessary. 

The ability to accurately adjust the MC1594 is dependent 
on the offset adjust potentiometers. Potentiometers should 
be of the ’’infinite" resolution type rather than wirewound. 
Fine adjustments in balanced-modulator applications may 
require two potentiometers to provide "coarse” and "fine" 
adjustment. Potentiometers should have low temperature 
coefficients and be free from backlash. 

2.6 Temperature Stability 

While the MC1594 provides excellent performance in itself, 
overall performance depends to a large degree on the quality 
of the external components Previous discussion shows the 
direct dependence on Rx, Ry. ahd Rl and indirect depend¬ 
ence on Rl (through 1^). Any circuit subjected to tempera- 
ture variations should be evaluated with these effects in mind. 

2.7 Bias Currents 

The MCI 594 multiplier, like most linear IC’s, requires a dc 
• bias current into its input terminals The device cannot be 
capacitively coupled at the input without regard for this bias 
current. I f inputs Vx and Vy are able to supply the small bias 
current (as 0.5 pA) resistors, R (Figure 16) can be omitted. 
If the MC1594 is used in an ac mode of operation and 
capacitive coupling is used the value of resistor R can be any 
reasonable value up to 100 kn. For minimum noise and 
optimum temperature performance, the value of resistor R 
should be as low as practical. 

2.8 Parasitic Oscillation 

When long leads are used on the inputs, oscillation may occur, 
in this event, an RC parasitic suppression network similar to 
the ones shown in Figure 16 should be connected directly 
to each input using short leads. The purpose of the network 


6-66 






MC1494, MC1594 


IS to reduce the "Q” of the source-tuned circuits which cause 
the oscillation. 

Inability to adjust the circuit to within the specified accuracy 
may be an indication of oscillation 

3. AC OPERATION 

3.1 General 

For ac operation, such as balanced modulation, frequency 
doubler, AGC, etc , the op-ampl. will usually be omitted as 
well as the output offset adjust potentiometer. The output 
offset adjust potentiometer is omitted since the output will 
normally be ac-coupled and the dc voltage at the output is 
of no concern providing it is close enough to zero volts that 
It will not cause clipping in the output waveform Figure 17 


FIGURE 17 - WIDEBAND MULTIPLIER 



exlmaxl = ey(max) = ,1 Vt 


"zeros" IS seen in Figures 9 and 10. The reason for this 
increase in gain is due to the bypassing of Rx and Ry at 
high frequencies. Since the Ry resistor is approximately 
twice the value of the Rx resistor, the zero associated with 
the "Y” input will occur at approximately one octave below 
the zero associated with the "X” input. For Rx = 30 kn and 
Ry = 62 kn, the zeros occur at 1.5 MHz for the "X" input 
and 700 kHz for the "Y" input. These two measured break¬ 
points correspond to a shunt capacitance of about 3.5 pF. 
Thus, for the circuit of Figure 17, the "X" input zero and 
"Y" input zero will be at approximately 15 MHz and 
7 MHz respectively. 

It should be noted that the MC1594 multiplies in the time 
domain, hence, its frequency response is found by mean® 
of complex convolution in the frequency (Laplace) domain. 
This means thatif the "X" input does not involve afrequency. 
It IS not necessary to consider the "X" side frequency 
response in the output product. Likewise, for the "Y" side. 
Thus, for applications such as a wideband linear AGC ampli¬ 
fier which has a dc voltage as one input, the multiplier fre¬ 
quency response has one zero and one pole. For applications 
which involve an ac voltage on both the "X" and "Y" side, 
such as a balanced modulator, the product voltage response 
will have two zeros and one pole, hence, peaking may be 
present in the output. 

From this brief discussion, it is evident that for ac applica¬ 
tions; (1) the value of resistors Rx, Ry atid R|_ should be 
kept as small as possible to achieve maximum frequency 
response, and (21 it is possible to select a load resistor Rl 
such that the dominant pole (Rl, Cq) cancels the input zero 
(Rx,35pForRy,35pF) to give a flat amplitude character¬ 
istic with frequency. This is shown in Figures 9 and 10 
Examination of the frequency characteristics of the "X" 
and "Y" inputs will demonstrate that for wideband amplifier 
applications, the best tradeoff with frequency response and 
gain is achieved by using the "Y” input for the ac signal. 

For ac applications requiring bandwidths greater than those 
specified for the MCI 594, two other devices are recom¬ 
mended. For modulator-demodulator applications, the 
MCI 596 may be used up to 100 MHz For wideband multi¬ 
plier applications, the MCI595 (using small collector loads 
and ac coupling) can be used 


shows a typical ac multiplier circuit with a scale factor K~ 1. 
Again, resistor Rx and Ry are chosen as outlined in the 
previous section, with Rl chosen to provide the required 
scale factor. 

The offset voltage then existing at the output will be equal to 
the offset current times the load resistance. The output off¬ 
set current of the MC1594 is typically 17 pA and 35 pA 
maximum Thus, the maximum output offset would be 
about 160 mV. 


3.2 Bandwidth 


The bandwidth of the MCI 594 Is primarily determined by 
two factors First, the dominant pole will be determined by 
the load resistor and the stray capacitance at the output 
terminal. For the circuit shown in Figure 17, assuming a 
total output capacitance (Cq) of 10 pF, the 3 dB bandwidth 
would be approximately 3.4 MHz. If the load resistor were 
47 kn, the bandwidth would be approximately 340 kHz. 
Secondly, a "zero" is present in the frequency response 
characteristic for both the "X" and "Y" inputs which causes 
the output signal to rise in amplitude at a 6 dB/octave slope 
at frequencies beyond the breakpoint of the "zero". The 
"zero" is caused by the parasitic and substrate capacitance 
which is related to resistors Rx and Ry and the transistors 
associated with them. The effect of these transmission 


The MC1594 multiplier is not slew-rate limited in the ordi¬ 
nary sense that an op-ampl. is Since all the signals in the 
multiplier are currents and not voltages, there is no charging 
and discharging of stray capacitors and thus no limitations 
beyond the normal device limitations. However, it should 
be noted that the quiescent current in the output transistors 
is 0.5 mA and thus the maximum rate of change of the out¬ 
put voltage is limited by the output load capacitance by 
the simple equation: 


Thus, if C(j is 10 pF, the maximum slew-rate would be' 
AVo 0.5 X 10‘3 


This can be improved if necessary by addition of an emitter- 
follower or other type of buffer. 

Phase-Vector Error 

All multipliers are subject to an error which is known as the 
phase-vector error. This error is a phase error only and does 
not contribute an amplitude error per se. The phase-vector 
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error is best explained by an example. If the "X" input is 
described in vector notation as 

X = A 2^ 0° 

and the "Y" input is described as 
Y = B 2^ 0° 

then the output product would be expected to be 

Vq = AB 2( 0° (see Figure 18) 

However, due to a relative phase shift between the "X" and 
"Y" channels, the output product will be given by 


4. DC APPLICATIONS 

4.1 Squaring Circuit 

If the two inputs are connected together, the resultant 
function is squaring' 

Vo = KV2 

where K is the scale factor (see Figure 19). 

However, a more careful look at the multiplier's defining 
equation will provide some useful information. The output 
voltage, without initial offset adjustments is given by: 

Vo = K(Vx + Viox -Vx off) <Vy + V,oy - Vy off) + ^oo 


(See "Definitions" for an explanation of terms). 

With Vx = Vy = V (squaring) and defining 

^x Vjox - Vx off 
fy = V|oy - Vy off 

The output voltage equation becomes 

Vo = K V2 + KVx (ex ey) Kexfy + Voo 

This shows that all error terms can be eliminated witfi only 
three adjustment potentiometers, eliminating one of the in¬ 
put offset adjustments. For instance, if the "X" input offset 
adjustment is eliminated, ex is determined by the internal 
offset, V|ox. but ey is adjustable to the extent that the 
(ex ey) term can be zeroed. Then the output offset adjust¬ 
ment is used to adjust the Voo remain¬ 

ing error terms. An ac procedure for nulling with three 
adjustments is: 

A. AC Procedure. 

1. Connect oscillator (1 kHz, 15 Vpp) to input 

2. Monitor output at 2 kHz with tuned voltmeter and 
adjust P4 for desired gain (Be sure to peak response 
of voltmeter) 

3 Tune voltmeter to 1 kHz and adjust PI for a minimum 
output voltage 

4. Ground input and adjust P3 (output offset) for zero 
volts dc out 

5 Repeat steps 1 through 4 as necessary. 


FIGURE 19 - MC1594 SQUARING CIRCUIT 

30 k 62 k +15 V -15 V 



Vo = AB 2( 0 

Notice that the magnitude is correct but the phase angle of 
the product is in error. The vector, V, associated with this 
error is the "phase-vector error". The startling fact about 
the phase-vector error is that it occurs and accumulates much 
more rapidly than the amplitude error associated with fre¬ 
quency response. In fact,a relative phase shift of only 0.57° 
will result in a 1% phase-vector error. For most applications, 
this error is meaningless. If phase of the output product is 
not important, then neither is the phase-vector error. If 
phase is important, such as in the case of double sideband 
modulation or demodulation, then a 1% phase-vector error 
will represent a 1% amplitude error at the phase angle 
of interest. 


FIGURE 18 - PHASE-VECTOR ERROR 



AB/IOO 


3.5 Circuit Layout 

If wideband operation is desired, careful circuit layout must 
be observed. Stray capacitance across R^ and Ry should be 
avoided to minimize peaking (caused by a zero created by 
the parallel RC circuit). 
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B. DC Procedure: 

1. Set Vx = Vy = 0 V and adjust P3 (output offset 
potentiometer) such that Vg = 0.0 Vdc 

2. Set Vx = Vy = 1.0 V and adjust PI (Y input offset 
potentiometer) such that the output voltage is 
-0.100 volts 

3. Set Vx = Vy = 10 Vdc and adjust P4 (load resistor) 
such that the output voltage is -10.00 volts 

4. Set Vx = Vy = -10 Vdc and check that Vq = ~10V 
Repeat steps 1 through 4 as necessary. 


Divide circuits warrant a special discussion as a result of their 
special problems. Classic feedback theory teaches that if a 
multiplier is used as a feedback element in an operational 
amplifier circuit, the divide function results. Figure 20 illus¬ 
trates the theoretical simplicity of such an approach and a 
practical realization is shown in Figure 21 
The characteristic "failure" mode of the divide circuit is 
latch-up One way it can occur is if Vx is allowed to go 
negative or, in some cases, if Vx approaches zero. 

Figure 20 illustrates why this is so. For Vx > 0 the transfer 
function through the multiplier is non-inverting. Its output 
IS fed to the inverting input of the op-ampl. Thus, operation 
IS in the negative feedback mode and the circuit is dc stable. 
Should Vx change polarity, the transfer function through 
the multiplier becomes inverting, the amplifier has positive 
feedback and latch-up results. The problem resulting from 

FIGURE 20 - BASICDIVIDE CIRCUIT USING MULTIPLIER 



Vx being near zero is a result of the transfer through the 
multiplier being near zero. The op-ampl. is then operating 
with a very high closed loop gain and error voltages can thus 
become effective in clausing latch-up. 

The other mode of latch-up results from the output voltage 
of the op-ampl. exceeding the rated common-mode input 
voltage of the multiplier. The input stage of the multiplier 
becomes saturated, phase reversal results, and the circuit is 
latched up. The circuit of Figure 21 protects against this 
happening by clamping the output swing of the op-ampl. to 
approximately ±10 7 volts. Five-percent tolerance, 10-volt 
zeners are used to assure adequate output swing but still 
limit the output voltage of the op-ampl. from exceeding the 
common-mode input range of the MCI 594. 

Setting up the divide circuit for reasonably accurate opera¬ 
tion is somewhat different from the procedure for the 
multiplier itself. One approach, however, is to break the 
feedback loop, null out the multiplier circuit, and then close 
the loop. 

A simpler approach, since it does not involve breaking the 
loop (thus making it more practical on a production basis), is: 

1. Set V 2 = 0 volts and adjust the output offset potentio¬ 
meter (P3) until the output voltage (Vq) remains at 
some (not necessarily zero) constantvalue as Vx is varied 
between -H.O volt and +10 volts. 

2. Maintain V^ at 0 volts, set Vx at +10 volts and ad¬ 
just the Y input offset potentiometer (PI) until Vq = 0 
volts. 

3. With Vx = V^, adjust the X input offset potentiometer 
(P2) until the output voltage remains at some (not nec¬ 
essarily -10 volts) constant value as V 2 = Vx is varied 
between +1.0 volt and +10 volts. 

4. Maintain Vx = V 2 and adjust the scale factor potentio¬ 
meter (R|_) until the average value of Vq is-10 volts as 
V 2 = Vx IS varied between +1.0 volt and +10volts. 

5. Repeat steps 1 through 4 as necessary to achieve opti¬ 
mum performance. 

Users of the divide circuit should be aware that the accuracy 
to be expected decreases in direct proportion to the denomi- 


FIGURE 21 - PRACTICAL DIVIDE CIRCUIT 
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FIGURE 22 - BASIC SQUARE ROOT CIRCUIT 



nator voltage. As a result, if Vx is set to 10 volts and 0 5% 
accuracy is available, then 5% accuracy can be expected 
when Vx is only 1 volt. 

In accordance with an earlier statement, Vx may have only 
one polarity, positive, while Vz may be either polarity. 

4.3 Square Root 

A special case of the divide circuit in which the two inputs 
to the multiplier are connected together results in the square 
root function as indicated in Figure 22. This circuit too 
may suffer from latch-up problems similar to those of the 
divide circuit Note that only one polarity of input is allowed 
and diode clamping (see Figure 23) protects against accidental 
latch-up. 

This circuit too, may be adjusted in the closed-loop mode 

1. Set Vz = -0.01 Vdc and adjust P3 (output offset) for 
Vo = 0 316Vdc. 

2. Set Vz to -0 9 Vdc and adjust P2 ("X" adjust) for Vq = 
-1-3 Vdc. 

3. Set Vz to -10 Vdc and adjust P4 (gain adjust) for Vq = 
■HO Vdc. 


Steps 1 through 3 may be repeated as necessary to achieve 
desired accuracy 

Note. Operation near zero volts input may prove very in¬ 
accurate, hence, it may not be possible to adjust Vq 
to 0 but rather only to within 100 to 400 mV of zero. 

5. AC APPLICATIONS 

5.1 Wideband Amplifier With Linear AGC 

If one input to the MCI594 is a dc voltage and a signal 
voltage is applied to the other input, the amplitude of the 
output signal can be controlled in a linear fashion by varying 
the dc voltage Hence, the multiplier can function as a dc 
coupled, wideband amplifier with linear AGC control 
In addition to the advantage of Linear AGC control, the 
multiplier has three other distinct advantages over most other 
types of AGC systems. First, the AGC dynamic range is 
theoretically infinite This stems from the basic fact that 
with zero volts dc applied to the AGC, the output will be 
zero regardless of the input. In practice, the dynamic range 
is limited by the ability to adjust the input offset adjust 
potentiometers. By using cermet multi-turn potentiometers, 
a dynamic range of 80 dB can be obtained The second 
advantage of the multiplier is that variation of the AGC volt¬ 
age has no effect on the signal handling capability of the 
signal port, nor does it alter the input impedance of the 
signal port. This feature is particularly important in AGC 
systems which are phase sensitive. A third advantage of the 
multiplier is that the output-voltage-swing capability and 
output impedance are unchanged with variations in AGC 
voltage. 

The circuit of Figure 24 demonstrates the linear AGC ampli¬ 
fier. The amplifier can handle 1 V(rms) and exhibits a gam 
of approximately 20 dB. It is AGC'd through a 60 dB 
dynamic range with the application of an AGC voltage from 
0 Vdc to 1 Vdc. The bandwidth of the amplifier is deter¬ 
mined by the load resistor and output stray capacitance. For 
this reason, an emitter-follower buffer has been added to 
extend the bandwidth in excess of 1 MHz. 

5.2 Balanced Modulator 

When two-time variant signals are used as inputs, the result- 


FIGURE 23 - SQUARE ROOT CIRCUIT 
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ing output is suppressed-carrier double-sideband modulation. 
In terms of sinusoidal inputs, this can be seen in the following 
equation' 

Vo = K( ei coscjrnf) ^^2 cosujcti 

where ojm 'S the modulation frequency and cjc is the carrier 
frequency. This equation can be expanded to show the 
suppressed carrier or balanced modulation' 

Vq “ T [cosIcJq 'I'ojpfilt'l'COS (cjq - cjp-iltl 


FIGURE 25 - BALANCED MODULATOR 
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Unlike many modulation schemes, which are non-linear in 
nature, the modulation which takes place when using the 
MCI 594 IS linear This means that for two sinusoidal inputs, 
the output will contain only two frequencies, the sum and 
difference, as seen in the above equation. There will be no 
spectrum centered about the second harmonic of the carrier, 
or any multiple of the carrier. For this reason, the filter 
requirements of a modulation system are reduced to the 
minimum Figure 25 shows the MC1594 configuration to 
perform this function. 


FIGURE 24 - WIDEBAND AMPLIFIER 
WITH LINEAR AGC 
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The adjustment procedure for this circuit is quite simple 
(1) Place the earner signal at pin 10. With no signal 
applied to pin 9, adjust potentiometer PI such that an ac 
null IS obtained at the output. 

(21 Place a modulation signal at pin 9. With no signal 
applied to pin 10, adjust potentiometer P2 such that an ac 
null IS obtained at the output. 

Again, the abil ity to make careful adjustment of these offsets 
will be a function of the type of potentiometers used for 
PI and P2. Multiple turn cermet type potentiometers are 
recommended. 

5.3 Frequency Doubler 

If for Figure 25 both inputs are identical; 

®m ” ®c ” E cosuit 
Then the output is given by 

®o " ®m®c " E^cos^uit 
which reduces to 



eo = ~ (1-1- cos2u>t) 


Notice that the resistor values for Rx, Ry- ^nd Rl have 
been modified. This has been done primarily to increase the 
bandwidth by lowering the output impedance of the MCI 594 
and then lowering Rx and Ry to achieve a gain of 1. The 
Be can be as large as 'I volt peak and e^ as high as 2 volts 
peak. No output offset adjust is employed since we-are 
interested only in the ac output components. 

The input R's are used to supply bias current to the multi¬ 
plier inputs as well as provide matching input impedance. 
The output frequency range of this configuration is deter¬ 
mined by the 4.7 k ohm output impedance and capacitive 
loading. Assuming a 6 pF load, the small-signal bandwidth 
IS 5.5 MHz. 

The circuit of Figure 25 will provide a typical carrier rejection 
of &70 dB from 10 kHz to 1.5 MHz. 


This equation states that the output will consist of a dc term 
equal to one half the peak voltage squared and the second 
harmonic of the input frequency Thus, the circuit acts as a 
frequency doubler. Two facts about this circuit are worthy 
of note. First, the second harmonic of the input frequency 
IS the only frequency appearing at the output. The funda¬ 
mental does not appear. Second, if the input is sinusoidal, 
the output will be sinusoidal and requires no filtering 
The circuit of Figure 25 can be used as a frequency doubler 
with input frequencies in excess of 2 MHz. 

Amplitude Modulator 

The circuit of Figure 25 is also easily used as an amplitude 
modulator. This is accomplished by simply varying the input 
offset adjust potentiometer (PI) associated with themodu- 
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lation input. This procedure places a dc offset on the modu¬ 
lation input of the multiplier such that the earner still passes 
thru the multiplier when the modulating signal is zero. 
The result is amplitude modulation. This is easily seen by 
examining the basic mathematical expression for amplitude 
modulation given below For the case under discussion, 
with K = 1, 

eo - (E + E|y| coscjntf) (Ec'-0®u;ct) 

where E is the dc input offset adjust voltage. This expression 
can be written as. 

eo = Eo 11 + M cosujctl cos<xJct 


= modulation index 


Vy off = "y" input offset adjust voltage 
Voo = output offset voltage 


The voltage transfer characteristic below indicates "X", "Y' 
and output offset voltages 




This is the standard equation for amplitude modulation 
From this, it is easy to see that 100% modulation can be 
achieved by adjusting the input offset adjust voltage to be 
exactly equal to the peak value of the modulation, E^- This 
IS done by observing the output waveform and adjusting the 
input offset potentiometer, PI, until the output exhibits the 
familiar amplitude modulation waveform. 


If the circuit of Figure 25 has as its inputs two signals of 
Identical frequency but having a relative phase shift the out¬ 
put will be a dc signal which is directly proportional to the 
cosine of phase difference as well as the double frequency 
term. 

®c ” ^C COSoj^t 
em = ErfiCos{cjct + 0) 

6q ”■ ~ ^c^rn coscj^t cos(c«j^t 0 ) 

^c^m 

or Bo = —^— [cos</i + cos(2u)ct0l 

The addition of a simple low pass filter to the output (which 
eliminates the second cosine term) and return of Rl to an 
offset adjustment potentiometer will result in a dc output 
voltage which is proportional to the cosine of the phase dif¬ 
ference. Hence, the circuit functions as a synchronous 
detector. 

DEFINITIONS OF SPECIFICATIONS 

Because of the unique nature of a multiplier, i.e , two inputs 
and one output, operating specifications are difficult to 
define and interpret Indeed the same specification may be 
defined in several completely different ways depending upon 
which manufacturer is doing the defining In order to clear 
up some of this mystery, the following definitions and 
examples are presented 

Multiplier Transfer Function 

The output of the multiplier may be expressed by this 
equation' 

Vo = K (Vx ± Viox -Vxoff) (Vy ± Vioy -Vy off) ± Voo (1) 
where K = scale factor (see 6.5) 

Vx = "x" input voltage 
Vy = "y" input voltage 
V|ox = "x" input offset voltage 
Vioy ^ "v" input offset voltage 
Vx off “ input offset adjust voltage 


6.2 Linearity 

Linearity is defined to be the maximum deviation of output 
voltage from a straight line transfer function. It is expressed 
as a percentage of full-scale output and is measured for Vx 
and Vy separately either using an "X-Y” plotter (and checking 
the deviation from a straight line) or by using the method 
shown in Figure 1. The latter method nulls the output signal 
with the input signal, resulting in distortion components 
proportional to the linearity. 

Example' 0 35% linearity means 
VxVy 

Vq = ± (0 0035) (10 volts) 

6.3 Input Offset Voltage 

The input offset voltage is defined from Equation (1). It is 
measured for Vx and Vy separately and is defined to be that 
dc input offset adjust voltage ("x" or "y”) that will result in 
minimum ac output when ac (5 Vpp, 1 kHz) is applied to the 
other input ("y” or ”x" respectively). From Equation (1) 
we have: 

Vo(ac) “ (Oi Vitjx -Vx off) (S'Ouit) 
adjust Vx off so that (±V|ox -Vx off) = 0 

6.4 Output Offset Current and Voltage 

Output offset current Ooo) 's the dc current flowing in the 
output lead when Vx = Vy = 0 and "X"and "Y" offset volt¬ 
ages are adjusted to zero 
Output offset voltage (Vqo) is 

Voo “ 'oo f)L 

where Rl is the load resistance. 

Note: Output offset voltage is defined by many manufac¬ 
turers with all inputs at zero but without adjusting 
■'X” and "Y" offset voltages to zero. Thus it includes 
input offset terms, an output offset term and a scale 
factor term. 

6.5 Scale Factor 

Scale factor is the K term in Equation (1). It determines the 
"gain” of the multiplier and is expressed approximately by 
the following equation. 


K = - p I where R „ and Rw » -r- 
RxRyh * Y qll 

and 1 1 is the current out of pin 1. 
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6.6 

Total DC Accuracy 


GENERAL INFORMATION INDEX 


The total dc accuracy of a multiplier is defined as error in 




multiplier output with dc (±10 Vdc) applied to both inputs 

1. 

CIRCUIT DESCRIPTION 


It IS expressed as a percent of full scale Accuracy is not 




specified for the MC1594 because error terms can be nulled 

1.1 

Introduction 


by the user. 

1 2 

Regulator 



1.3 

Multiplier 



1 4 

Differential Current Converter 

6.7 

Temperature Stability (Drift! 

2. 

DC OPERATION 


Each term defined above will have a finite drift with tempera- 

2.1 

Selection of External Components 


ture The temperature specifications are obtained by re- 

2.2 

Operational Amplifier Selection 


adjusting the multiplier offsets and scale factor at each new 

2.3 

Stability 


temperature (see previous definitions and the adjustment 

2.4 

Offset Adjustment 


procedure) and noting the change. 

2.5 

Offset and Scale Factor Adjustment Procedure 


Assume inputs are grounded and initial offset voltages have 

2.6 

Temperature Stability 


been adjusted to zero. Then output voltage drift is given by 

2.7 

Bias Currents 


AVo = ±[K+K (TCK) (AT) 1 ( (TCV,ox) ('"T) ] ( (TCV.oy) 

28 

Parasitic Oscillation 


(AT) ] ± (TCVoo) (*T) 

3. 

AC OPERATION 
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General 
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Bandwidth 

6.8 

Total DC Accuracy Drift 
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Slew-Rate 



3.4 



This IS the temperature drift in output voltage with 10 volts 

3 5 



applied to each input The output is adjusted to 10 volts at 


Ciiuuil Layout 


T/^ = +25°C Assuming initial offset voltages have been 

4. 

DC APPLICATIONS 


adjusted to zero at T^ = +25°C, then 

4 1 

Squaring Circuit 


Vo = (K±K (TCK) (AT) ) (10 ± (TCV,ox) (''T) ] [10 ± 
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Divide 
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(TCVioy) (AT) 1 ± (TCVoo) •'"T) 
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AC APPLICATIONS 
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Wideband Amplifier with Linear AGC 
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Balanced Modulator 

6.9 

Power Supply Rejection 

53 

Frequency Modulator 


Variation in power supply voltages will cause undesired 

54 

Amplitude Modulator 


variation of the output voltage It is measured by super- 

55 



imposing a 1-volt, lOO-Hz signal on each supply (±15 V) 




with each input grounded The resulting change m the out- 

6. 

DEFINITIONS OF SPECIFICATIONS 


put IS expressed m mV/V 

6.1 

Multiplier Transfer Function 



6.2 

Linearity 



63 

Input Offset Voltage 

6.10 

Output Voltage Swing 

6.4 

Output Offset Current and Voltage 


Output voltage swing capability is the maximum output 

6.5 

Scale Factor 


voltage swing (without clipping) into a resistive load (note- 

66 

Total DC Accuracy 


output offset IS adjusted to zero) 

6.7 

Temperature Stability (Drift) 


If an op-ampi is used, the multiplier output becomes a virtual 

68 

Total DC Accuracy Drift 


ground — the swing is then determined by the scale factor 

6.9 

Power Supply Rejection 


and the op-ampl. selected 

6.10 

Output Voltage Swing 
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MC1595L 


Specifications and Applications Information 


WIDEBAND MONOLITHIC 
FOUR-QUADRANT MULTIPLIER 

. . . designed for uses where the output is a linear product of two 
input voltages. Maximum versatility is assured by allowing the user 
to select the level shift method. Typical applications include; multi¬ 
ply, divide*, square root*, mean square*, phase detector, frequency 
doubler, balanced modulator/demodulator, electronic gam control. 
'When used with an operational amplifier. 

• Wide Bandwidth 

• Excellent Linearity — 1% max Error on X-Input, 2% max Error on 

Y-Input - MC1595L 

• Excellent Linearity — 2% max Error on X-Input, 4% max Error on 

Y-Input - MC1495L 

• Adjustable Scale Factor, K 

• Excellent Temperature Stability 

• Wide Input Voltage Range - ± 10 Volts 

• + 15 Volt Operation 


LINEAR FOUR-QUADRANT 
MULTIPLIER INTEGRATED 
CIRCUIT 

MONOLITHIC SILICON 
EPITAXIAL PASSIVATED 
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ELECTRICAL CHARACTERISTICS |V+ = +32V. V" =-15 V, = + 25 OC, 13 = 113 = 1 mA, Rx= Ry = 15k^2, 

Rl_ = 11 I<f2unless otherwise noted) 


1 Characteristic | 

Figure | 

Symbol 

Min 

1 "Pyp 1 

Max 

Unit 

Linearity: 





■■mill 



Output Error in Percent of Full Scale: 


5 





% 

Ta = + 25OC 








-10< Vx<+10 (Vy=±10 V) 

MC1495 


ErX 

- 

■niB 

+ 2.0 



MC1595 



- 


+ 1.0 


-10< Vy< +10 (Vx=±10 V) 

MCI 495 


ErY 

- 


+ 4.0 



MCI 595 



- 

+ 1.0 

+ 2.0 


Ta = 0 to +70°C 

MCI 495 







-10<Vx< +10 (Vy = ±10 V) 



Erx 

- 

± 1.5 

- 


-10<Vy< +10(Vx = + 10 V) 



ErY 

- 

+ 3.0 

— 


Ta = - 55OC to +125°C 

MCI 595 







-10< Vx< +10 (Vy =±10 V) 



Erx 

- 

+ 0.75 

~ 


-10< Vy< +10 (Vx=±10 V) 



Ery 

-- 

+ 1.50 

- 


Squaring Mode Error: 








Accuracy in Percent of Full Scale After 


5 

Esq 




% 

Offset and Scale Factor Adjustment 








Ta = +25°C 

MCl'495 




+ 0.75 




MCI 595 




+ 0.5 



Ta = 0 to +70°C 

MCI 495 




± 1.0 



Ta = -55°C to+125°C 

MCI 595 




+ 0.75 



Scale Factor (Adjustable) 








, 2Rl , 










_ 

K 


0.1 


_ 

I3 Rx Ry 








Input Resistance 

MC1495 


Rinx 


20 


MegOhms 

(f = 20 Hz) 

MCI 595 




35 




MCI 495 


Riny 


20 




MCI 595 




35 



1 Differential Output Resistance (f = 20 Hz) | 

8 

Ro 


300 

- 

k Ohms 

Input Bias Current 








(I9 + I12) . (l4 + l8> 

MCI 495 

6 

'bx 

■ 


12 

mA 


MCI 595 





8.0 



MC1495 




2.0 

12 



MCI 595 




20 

8.0 


Input Offset Current 








II9 - I12I 

MC1495 

6 

|l|Oxl 

_ 

0.4 

2.0 

HA 


MCI 595 



- 

0,2 

1.0 


I14 - isl 

MCI 495 



- 

0.4 

2.0 



MCI595 



- 

0.2 

1.0 


Average Temperature Coefficient of 


6 

ITCl.ol 


mmi 


nA/°C 

Input Offset Current 








(Ta = 0 to +70°C) 

MC1495 







(TA = -550Cto+125°C) 

MC1595 




Km 



Output Offset Current 


6 


i^HI 



pA 

I'l4- '2I 

MCI 495 




20 

100 



MCI 595 




10 

50 


Average Temperature Coefficient of 


6 

ItCioqI 




nA/OC 

Output Offset Current 








(Ta = 0 to +70OC) 

MCI 495 




1.0 



(Ta = -55°C to +125°C) 

MCI 595 




1.0 



Frequency Response 






imiH 


3.0dB Bandwidth, Rl = 11 kfl 


9,10 

BW3dB 


3.0 


MHz 

3,0 dB Bandwidth, Rl = 50 SI (Transconductance Bandwidth) 


TBWSdB 


80 


MHz 

3° Relative Phase Shift Between Vx and Vy 



f0 


750 


kHz 

1% Absolute Error Due to Input-Output Phase Shift | 


h 


30 


kHz 

Common Mode Input Swing 


11 

CMV 



i^mm 

Vdc 

(Either Input) 

MC1495 



±10.5 

±12 




MCI 595 



±11.5 

±13 



Common Mode Gain 


11 

Acm 



^■nw 

dB 

(Either Input) 

MCI 495 



-40 

-50 




MCI 595 



-50 

-60 



Common Mode Quiescent 


12 

V0I 

- 

WBM 

mi^m 

Vdc 

Output V'oltage 



Vo2 

- 

mSM 



Differential Output Voltage Swing Capability | 

9 

''0 

- 

±14 • 

- 

'^peak 

Power Supply Sensitivity 


12 

S+ 

- 

5.0 


mV/V 




S" 

- 

10 

- 


Power Supply Current 

12 

17 

- 

6.0 

7.0 

mA 

DC Power Dissipation 

12 

Pd 

- 

135 

170 

mW 1 
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MAXIMUM RATINGS (T/\ = ■t25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Applied Voltage 

(V2-V1, V14-V1, Vi-Vg, V1-V12, V1-V4, 
V1-V8, V12-V7, V9-V7. V8-V7, V4-V7) 


30 

Vdc 

Differential Input Signal 

V12-V9 

V4-V8 

±(6+Ii3Rx) 
±16+13 Ry) 

Vdc 

Vdc 

Maximum Bias Current 

,'3 

'13 

10 

10 

mA 

Power Dissipation (Package Limitation) 

Ceramic Package 

Derate above T* = +25°C 

Pd 

750 

5.0 


Operating Temperature Range 

ta 


■B 

MC1495 


0 to +70 


MClSdS 


-55 to +125 


Storage Temperature Range 

^^stg 

-65 to +150 

oc 


TEST CIRCUITS 


FIGURE 4 - LINEARITY (USING NULL TECHNIQUE) 



not 9tci<i0(} for tKt conditions. 
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TEST CIRCUITS (continued) 


FIGURE 6 - INPUT AND OUTPUT CURRENT 

RY = 15 kRx= 15 k +32 V 



e) = 1 0 V (rms) 
20 Hz 


FIGURE 7 - INPUT RESISTANCE 

RY = 15 k Rx = 15 k 


I 


1 O M 

5 ( 

4 

a 


1 DM 9 



9 r 

]]J QMS 

‘2 8 

-O- 

62 12 

1 o~ 

MUlbSbL 

(MC1495L) 


< 1 OM 

r* 

> 7 13(j) 

4r 

X 

► 12k 



P 

; 50 k 

Ti 

0 1 ;jF ” 



. . 



FIGURE 8 - OUTPUT RESISTANCE 

RY = 15 k Rx= 15 k +32 V 


91k 


FIGURES - BANDWIDTH (R|.= 11 kr2) 

RY= 15 k Rx = 15 k +32 V 


MC 1595 L 
8 (MC 1495 L) 


MC 1596 L 

8 (MC 1495 L) I'l 


36 76 130 ei - 11 ' 

5 l 7 k rn 1 lOVIrms) +X' 

> kL^137k 20Hz ^ 


ADJUST. I— 4 ^ 

— -15 V 


ro=rl|,;-2| 


■=■ 30 07 Rl 3 ' 

L 137 k. 

> 12 k —1 

1 0 1 ;jF 


SCALE (-►< 50 k 
FACTOR f 
ADJUST ■-T 


— u I Af -T- 

X 


FIGURE 10 - BANDWIDTH (R|. 50 ^2) 


Bin = 1 0 V (fms) _ 


RY = 510 Rx = 510 


MC 1595 L 

(MC 1495 L) 


FIGURE 11 - COMMON-MODE GAIN and 
COMMON-MODE INPUT SWING 


4 1 9 ,k 


MC 1595 L 

(MC 1495 L) 
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TEST CIRCUITS (continued) 


FIGURE 12 - POWER SUPPLY SENSITIVITY 

+S2V isi, ^32 V 



| A (Vot - Vo2)l 


S-= l^<V°l-Vo2>l 

AV- 


FIGURE 13 - OFFSET ADJUST CIRCUIT 


Pot#1 I 

T0PIN8 ^,0,^ ,01^. 

YOFFSETADJ >iukiuk, 


V*^ 15 V 32 V 
R 10 k 22 k 


.TO PIN 12 
X OFFSET ADJ 


FIGURE 14 - OFFSET ADJUST CIRCUIT (ALTERNATE) 


TO PIN 8 
YOFFSETADJ 


Pol #1 J J POT n 

- ^ ,-.2 , ^ TO PIN 12 

• >10k10k> • X OFFSET ADJ 





’8 






|Vx|OR|Vy|,MAX (Vpeak) ERROR, PERCENT OF FULL SCALE (%) ERX. ERY. LINEARITY (%) 


MCI 495 L 


MC1595L 


TYPICAL CHARACTERISTICS 


FIGURE 15 - LINEARITY versus TEMPERATURE 



Ta, ambient temperature (“O 



•55 -25 0 +25 +50 +75 +100 +125 


Ta. ambient temperature (“O 


FIGURE 17 - ERROR CONTRIBUTED BY 
INPUT DIFFERENTIAL AMPLIFIER 



0 I_I_^_I_^_I 

10 12 14 16 18 20 

RX OR Ry (k OHMS) 


FIGURE 18 - ERROR CONTRIBUTED BY 
INPUT DIFFERENTIAL AMPLIFIER 



40 60 8 0 10 12 14 

RX OR Ry (k OHMS) 



IVil OR |V7| (VOLTS) 


R_7Q 
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OPERATION AND APPLICATIONS INFORMATION 


1. Theory of Operation 


2.1.2 3 dB-Bandwidth and Phase Shift 


The IVIC1595 (MC1495) is a monolithic, four<)uadrant multi¬ 
plier which operates on the principle of variable transconductance. 
The detailed theory of operation is covered in Application Note 
AN-489, Analysis and Basic Operation of the MCI 595. The result 
of this analysis is that the differential output current of the multi¬ 
plier is given by 


Ia - Ib = 


2VxVy 

RxRyls 


where 1;^ and Ig are the currents into pins 14 and 2, respectively, 
and Vx and Vy are the X and Y input voltages at the multiplier 
input terminals 

2. Design Considerations 
2 1 General 

The MCI595 (MCI495) permits the designer to tailor the 
multiplier to a specific application by proper selection of ex¬ 
ternal components. External components may be selected to 
optimize a given parameter (e.g. bandwidth) which may in turn 
restrict another parameter (e g. maximum output voltage swing). 
Each important parameter is discussed in detail in the following 
paragraphs. 

2.1.1 Linearity, Output Error. Erx ErY 

Linearity error is defined as the maximum deviation of out¬ 
put voltage from a straight line transfer function. It IS expressed 
as error in percent of full scale (see figure below). 

_L 

I max 

+ 10 V 
X Of Vy 



For example, if the maximum deviation, VE(m 3 x), is 
tlOO mV and the full scale output is 10 volts, then the 
percentage error is 


Er = 


'^E(max) 

'^o(max) 


X 100 = 


100 X 10-3 
10 


X 100 = ±1.0%. 


Bandwidth is primarily determined by the load resistors and 
the stray multiplier output capacitance and/or the operational 
amplifier used to level shift the output. If wideband operation 
IS desired, low value load resistors and/or a wideband operational 
amplifier should be used. Stray output capacitance will depend 
to a large extent on circuit layout. 

Phase shift in the multiplier circuit results from two sources: 
phase shift common to both X and Y channels (due to the load 
resistor-output capacitance pole mentioned above) and relative 
phase shift between X and Y channels (due to differences in 
transadmittance in the X and Y channels). If the input to output 
phase shift is only 0 . 6 °, the output product of two sine waves 
will exhibit a vector error of 1%. A 3° relative phase shift be¬ 
tween Vx and Vy results in a vector error of 5%. 

2.1.3 Maximum Input Voltage 

VX(max)- ''^Yfmax) maximum input voltages must be such 
that: 

Vx(max) <ll3 Ry 
VY( max) <l3 ^Y- 

Exceeding this value will drive one side of the input amplifier to 
"cutoff” and cause non-linear operation. 

Currents 1 3 and 1 13 are chosen at a convenient value (observ¬ 
ing power dissipation limitation) between 0.5 mA and 2.0 mA, 
approximately 1.0mA. Then Rxand Ry can be determined by 
considering the input signal handling requirements. 

Fof Vx(max) = '^Y(max) = 10 volts; 

Rx = Ry > ^ - = 10 ka. 

^ ^ 1 0 mA 

2VxVy 

The equation Ia • Ir "- 

“ RxRy'S 


IS derived from Ia • ^B ” 


2VxVy 


2kT , 2kT, , 

iRx —) (Ry + —) *3 

qii 3 9(3 


2kT 2kT 

with the assumption Rx ^- and Ry ^- • 

qii3 q'3 

At Ta = +25°C and 1 13 = 13 = 1 mA, 


Linearity error may be measured by either of the following 
methods: 

1. Using an X — Y plotter with the circuit shown in F igure 5, 
obtain plots for X and Y similar to the one shown above. 

2. Use the circuit of Figure 4. This method nulls the level 
shifted output of the multiplier with the original input. 
The peak output of the null operational amplifier will be 
equal to the error voltage, Vgifi^gx)- 

One source of linearity error can arise from large signal non¬ 
linearity in the X and Y-input differential amplifiers. To avoid 
introducing error from this source, the emitter degeneration 
resistors Rx and Ry must be chosen large enough so that non¬ 
linear base-emitter voltage variation can be ignored. Figures 17 
and 18 show the error expected from this source as a function 
of the values of Rxand Ry with an operating current of 1.0 mA 
in each side of the differential amplifiers (i.e., I 3 = 1 13 = 1.0 mA). 


9*13 q'3 

Therefore, with Rx = Ry = 10 kn the above assumption is valid. 
Reference to Figure 19 will indicate limitations of Vx(max) q*” 
VY(max) ''q® 'q ^^1 '^7- Exceeding these limits will cause 

saturation or "cutoff" of the input transistors. See Step 4 of 
Section 3 (General Design Procedure) for further details. 

2.1.4 Maximum Output Voltage Swing 

The maximum output voltage swing is dependent upon the 
factors mentioned below and upon the particular circuit being 
considered. 

For Figure 20 the maximum output swing is dependent 
upon V** for positive swing and upon the voltage at pin 1 for 
negative swing. The potential at pin 1 determines the quies¬ 
cent level for transistors Q 5 , Qg, Qj, and Qg. This potential 


6-80 



MCI 495 L 


MC1595L 


OPERATION AND APPLICATIONS INFORMATION (continued) 


should be related so that negative swing at pins 2 or 14 does 
not saturate those transistors. See Section 3 for further inform¬ 
ation regarding selection of these potentials. 


FIGURE 20 - BASIC MULTIPLIER 



If an operational amplifier is used for level shift, as shown 
in Figure 21, the output swing (of the multiplier) is greatly 
reduced. See Section 3 for further details. 

3. General Design Procedure 

Selection of component values is best demonstrated by the 
following example, assume resistive dividers are used at the X and 
Y inputs to limit the maximum multiplier input to +5.0 volts (Vx = 
'^Y[max))^or a ±10-volt inputfVx' = VY'lmax))- (See Figure 21). 
If an overall scale factor of 1/10 is desired, then 

Vx'Vy- J2Vx)(2Vy) 

10 10 

Therefore, K = 4/10 for the multiplier (excluding the divider 
network). 

Step 1. The first step is to select current 1 3 and current 1 13 . 
There are no restrictions on the selection of either of these currents 
except the power dissipation of the device. I 3 andli 3 will normally 
be one or two milliamperes. Further, 13 does not have to be equal 
to 1 13 , and there is normally no need to make them different. For 
this example, let 

I 3 = Il 3 = 1 mA. 

To set currents I 3 and 1 13 to the desired value, it is only 
necessary to connect a resistor between pin 13 and ground, and be¬ 
tween pin 3 and ground. From the schematic shown in Figure 3, 


FIGURE 21 - MULTIPLIER WITH OP-AMPL. LEVEL SHIFT 
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OPERATION AND APPLICATIONS INFORMATION (continued) 



it can be seen that the resistor values necessary are given by: 


R13 + 500 SI = 
R 3 + 500 SI = - 


|V~l-0.7 V 
<13 

|V~l-0.7 V 

'3 


Let V = -15 V 


Then 


R13 + 500 = 


14.3 V 
1 mA’ 


or R 13 = 13.8 kSl 


Let R 13 = 12 kfl 
Similarly, R3=13.8kn 
Let R 3 = 15 kJl 


region when the maximum input voltages are applied (Vx' = Vy' = 
10 V or Vx = 5.0 V, Vy = 5.0 V), their respective collector voltage 
should be at least a few tenths of a volt higher than the maximum 
input voltage. It should also be noticed that the collector voltage 
of transistors Q 3 and Q 4 are at a potential which is two diode-drops 
below the voltage at pin 1. Thus, the voltage at pin 1 should be about 
two volts higher than the maximum input voltage. Therefore, to 
handle +5.0 volts at the inputs, the voltage at pin 1 must be at least 
+7.0 volts. Let Vi = 9.0 Vdc . 

Since the current following into pin 1 is always equal to 
2 I 3 , the voltage at pin 1 can be set by placing a resistor, Ri from 
pin 1 to the positive supply 


Rl = 


V+-Vi 

2 I 3 


However, for applications which require an accurate scale factor, 
the adjustment of R 3 and consequently, I 3 , offers a convenient 
method of making a final trim of the scale factor. For this reason, 
as shown in Figure 21, resistor R 3 is shown as a fixed resistor in 
series with a potentiometer. 

For applications not requiringan exact scale factor (balanced 
modulator, frequency doubler, AGC amplifier, etc.), pins 3 and 13 
can be connected together and a single resistor from pin 3 to ground 
can be used. In this case, the single resistor would have a value of 
one-half the above calculated value for R 13 . 

Step 2. The next step is to select Rx and Ry. To insure 
that the input transistors will always be active, the following condi¬ 
tions should be met: 


Let V^ = +15V 


Then 


= 15 V -9 V 
^ (2) (1mA) 


Rl = 3kn. 

Note that the voltage at the base of transistors Q 5 , 05 , Qy and Qg 
is one diode-drop below the voltage at pin 1. Thus, in order that 
these transistors stay active, the voltage at pins 2 and 14 should be 
approximately halfway between the voltage at pin 1 and the positive- 
supply voltage. For this example, the voltage at pins 2 and 14 shouid 
be approximately 11 volts. 


Rx 


<1 


13 


Vy 

Ry 


< 13 . 


A good rule of thumb is to make l 3 Ry ^ 1.5 Vy(niax) ^nd 

I13RX> 1 5 Vx(max)- 

The larger the l 3 Ry and I 13 RX product in relation to Vy 
and Vx respectively, the more accurate the multiplier will be (see 
Figures 17 and 18). 


Step 5. Level Shifting 

For dc applications, such as the multiply, divide and square- 
root functions, it is usually desirable to convert the differential 
output to a single-ended output voltage referenced to ground. 
The circuit shown in Figure 22 performs this function. It can be 
shown that the output voltage of this circuit is given by: 

Vo = l•2-h4)RL 


Let Rx ” Ry “10 
Then l 3 Ry = 10 V 
I13RX= 10 V 

since Vxjmax) “ '^Ylmax) " 5.0 volts the value of Rx = Ry = 10 kfl 
IS sufficient 

Step 3. Now that Rx, Ry and I 3 have been chosen, Rl can 
be determined 

RxRylg 10 

or ( 2 ) (Rl> = 

(10k) (10k) (1 mA) 10 

Thus Rl = 20 kn. 

Step 4. To determine what power-supply voltage is necessary 
for this application, attention must be given to the circuit schematic 
shown in Figure 3. From the circuit schematic it can be seen that 
in order to maintain transistors Qi, 03 , Q 3 and Q 4 in an active 


2lxly 2VxVy 
And since 1^ -Ig = '2 14 = “ igRj^Ry 

_ „ 2RLVx'Vy' 

Then Vn =- 

4RxRxl3 where Vx'Vy' is the voltage at the 
input to the voltage dividers. 


FIGURE 22 - LEVEL SHIFT CIRCUIT 

V* 
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OPERATION AND APPLICATIONS INFORMATION (continued) 


The choice of an operational amplifier for this application 
should have low bias currents, low offset current, and a high 
common-mode input voltage range as well as a high common-mode 
rejection ratio. The MC1556, and MC1741 operational amplifiers 
meet these requirements. 

Referring to Figure 21, the level shift components will be de¬ 
termined. When Vx = Vy = 0, the currents I 2 and 114 will be equal 
to 1 13 . In Step 3, Ri_ was found to be 20 kn and in Step 4, V 2 and 
Vi 4 were found to be approximately 11 volts. From this informa¬ 
tion, Rq can be found easily from the following equation (neglect¬ 
ing the operational amplifiers bias current): 


"L 


And for this example, 11V 
20 kn 


+ 1 mA = 


15 V-11 V 
Ro 


possible as shown in Figure 23 where Ry has been increased sub¬ 
stantially to improve the Y linearity, and Rx decreased somewhat 
so as not to materially affect the X linearity, this avoids increasing 
Rl significantly in order to maintain a K of 0 . 1 . 

The versatility of the MC1595 (MC1495) allows the user to 
to optimize its performance for various input and output signal 
levels. 


4. Offset and Scale Factor Adjustment 
4.1 Offset Voltages 

Within the monolithic multiplier (Figure 3) transistor base- 
emitter junctions are typically matched within 1 mV and resistors 
are typically matched within 2%. Even with this careful match¬ 
ing, an output error can occur. This output error is comprised 
of X-input offset voltage, Y-input offset voltage, and output- 
offset voltage. These errors can be adjusted to zero with the tech¬ 
niques shown in Figure 21. Offset terms can be shown ana¬ 
lytically by the transfer function. 


Solving for Rq, Rq = 2.6 kfl 


Vo = K(Vx i VioxiVx off* (Vy i V|oy±Vy off) ± Vqo 


Thus, select Ro = 3.0 kfl 

For Rq = 3.0 kn, the voltage at pins 2 and 14 is calculated to be 
V 2 “ Vi 4 = 10.4 volts. 

Thelinearity of this circuit (Figure 21) is likely to be as good 
or better than the circuit of Figure 5. Further improvements are 


Where K = scale factor 

Vx = X input voltage 
Vy = Y input voltage 
V|OX = X input offset voltage 
V|OY = Y input offset voltage 
Vx off = X input offset adjust voltage 


Vy off “ V input offset adjust voltage 
Vqo = output offset voltage. 
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OPERATION AND APPLICATIONS INFORMATION (continued) 


X, Y and Output Offset Voltages 



For most dc applications, all three offset adjust potentiome¬ 
ters (Pi, P 2 , P 4 ) will be necessary. One or more offset adjust 
potentiometers can be eliminated for ac applications (See Figures 
28, 29, 30, 31). 

If well regulated supply voltages are available, the offset ad¬ 
just circuit of Figure 13 is recommended Otherwise, the circuit 
of Figure 14 will greatly reduce the sensitivity to power supply 
changes. 

4.2 Scale Factor 

The scale factor, K, is set by P 3 ( Figure 21). P 3 varies 1 3 which 
inversely controls the scale factor K. It should be noted that 
current I 3 is one-half the current through Ri. Ri sets the bias 
level for Q 5 , 05 , Q 7 , and Qg (See Figure 3). Therefore, to be 
sure that these devices remain active under all conditions of input 
and output swing, care should be exercised in adjusting P 3 over 
wide voltage ranges (see Section 3, General Design Procedure). 

4.3 Adjustment Procedures 

The following adjustment procedure should be used to null 
the offsets and set the scale factor for the multiply mode of 
operation. (See Figure 21) 

1. X Input Offset 

(a) Connect oscillator (1 kHz, 5 Vpp sinewave) to the 
"Y" input (pin 4) 

(b) Connect "X" input (pin 9) to ground 

(c) Adjust X offset potentiometer, P 2 , for an ac null 
at the output 

2. Y Input Offset 

(a) Connect oscillator (1 kHz, 5 Vpp sinewave) to the 
"X" input (pin 9) 

(b) Connect "Y" input (pin 4) to ground 

(c) Adjust "Y" offset potentiometer, Pj,for an ac null 
at the output 

3. Output Offset 

(a) Connect both "X" and "Y" inputs to ground 

(b) Adjust output offset potentiometer, P 4 , until the 
output voltage Vq is zero volts dc 

4. Scale Factor 

(a) Apply +10 Vdc to both the "X" and "Y" inputs 

(b) Adjust P 3 to achieve + 10.00 V at the output. 

5. Repeat steps 1 through 4 as necessary. 

The ability to accurately adjust the MCI 595 (MC1495) 
depends upon the characteristics of potentiometers Pi 
through P 4 . Multi-turn, infinite resolution potentiomet¬ 
ers with low-temperature coefficients are recommended. 

5. DC Applications 
5.1 Multiply 

The circuit shown in Figure 21 may be used to multiply 
signals from dc to 100 kHz. Input levels to the actual multi¬ 
plier are 5.0 V (max). With resistive voltage dividers the maxi¬ 
mum could be very large — however, for this application two- 
to-one dividers have been used so that the maximum input 
level is 10 V. The maximum output level has also been designed 
for 10 V (max). 


5 2 Squaring Circuit 

If the two inputs are tied together, the resultant function is 
squaring; that is Vq = KV2 where K is the scale factor. Note 
that all error terms can be eliminated with only three adjustment 
potentiometers, thus eliminating one of the input offset adjust¬ 
ments. Procedures for nulling with adjustments are given as 
follows; 

1. AC Procedure; 

(a) Connect oscillator (1 kHz, 15 Vpp) to input 

(b) Monitor output at 2 kHz with tuned voltmeter 
and adjust P 3 for desired gain (be sure to peak response 
of the voltmeter) 

(c) Tune voltmeter to 1 kHz and adjust Pi for a min¬ 
imum output voltage 

(d) Ground input and adjust P 4 (output offset) for 
zero volts dc output 

(e) Repeat steps a through d as necessary. 

2. DC Procedure; 

(a) Set Vx = Vy = 0 V and adjust P 4 (output offset 
potentiometer) such that Vq = 0.0 Vdc 

(b) Set Vx = Vy = 1.0 V and adjust Pi (Y input 
offset potentiometer) such that the output voltage is 
+ 0.1(X) volts 

(c) Set Vx = Vy = 10 Vdc and adjust P 3 such that the 
output voltage is + 10.00 volts 

(d) Set Vx = Vy = -10 Vdc. Repeat steps a through 
d as necessary. 


FIGURE 24 - BASIC DIVIDE CIRCUIT 



5.3 Divide Circuit 

Consider the circuit shown in Figure 24 in which the multi¬ 
plier IS placed in the feedback path of an operational amplifier. 
For this configuration, the operational amplifier will maintain 
a "virtual ground" at the inverting (-) input. Assuming that the 
bias current of the operational amplifier is negligible, then li = 
12 and 


KVxVy _-Vz 



RI R2 

( 1 ) 


-RI Vz 

( 2 ) 

Solving for Vy, 

=R2 K Vx* 

If R1 = R2 




Vy =- 

KVx 

(3) 

If RI = KR2 

-Vz 

(4) 


< 

-< 

<1 

^|i 
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OPERATION AND APPLICATIONS INFORMATION (continued) 


Hence, the output voltage is the ratio of \/2 to Vx and provides 
a divide function. This analysis is, of course, the ideal condition. 
If the multiplier error is taken into account, the output voltage 
is found to be 


Vy 


R1 IVz 


R2 KjVx 


AE 

i^x 


(5i 


where aE is the error voltage at the output of the multiplier. 
From this equation, it is seen that divide accuracy is strongly 
dependent upon the accuracy at which the multiplier can be 
set, particularly at small values of Vy. For example, assume 
that R1 = R2, and K = 1/10. For these conditions the output 
of the divide circuit is given by 


Vy = 


-10 V2 

Vx 


10 AE 


( 6 ) 


From equation 6 , it is seen that only when Vx = 10 V is the 
error voltage of the divide circuit as low as the error of the 
multiply circuit. For example, when Vx is small, (0.1 volt) 
the error voltage of the divide circuit can be expected to be a 
hundred times the error of the basic multiplier circuit. 

I n terms of percentage error. 


percentage error =-x 100 % 

actual 


or from equation (5), 


aE 

KVx ^[52]^ 

' R1 V 2 [Rljv2 ‘ 

R2 kJ 


From equation 7, the percentage error is inversely related to 
voltage V 2 (i-e., for increasing values of V 2 , the percentage 
error decreases). 

A circuit that performs the divide function is shown in 
Figure 25. 

Two things should be emphasized concerning Figure 25. 

1. The input voltage (V'x) must be greater than zero and 
must be positive. This insures that the current out of 
pin 2 of the multiplier will always be in a direction com¬ 
patible with the polarity of V 2 . 

2. Pins 2 and 14 of the multiplier have been interchanged 
in respect to the operational amplifiers input terminals. 
In this instance. Figure 25 differs from the circuit connec¬ 
tion shown in Figure 21; necessitated to insure negative 
feedback around the loop. 

A Suggested Adjustment Procedure for the Divide Circuit 

1. Set V 2 = 0 volts and adjust the output offset potentio¬ 
meter (P 4 ) until the output voltage (Vq) remains at some 
(not necessarily zero) constant value as Vx' is varied 
between -i-I.O volt and -i-IO volts. 

2. Keep V 2 at 0 volts, set Vx' at +10 volts and adjust the 
Y input offset potentiometer (Pj) until Vq = 0 volts. 

3. Let Vx' = V 2 and adjust the X input offset potentio¬ 
meter (P 2 ) until the output voltage remains at some (not 
necessarily - 10 volts) constant value as V 2 = Vx' is 
varied between + 1.0 and +10 volts 

4 Keep Vx' = V 2 and adjust the scale factor potentiometer 
(P 3 ) until the average value of Vq is - 10 volts as V 2 = 
Vx' is varied between + 1.0 volt and +10 volts 

5. Repeat steps 1 through 4 as necessary to achieve opti¬ 
mum performance 

5.4 Square Root 

A special case of the divide circuit in which the two inputs to 
the multiplier are connected together is the square root function 


FIGURE 25 - DIVIDE CIRCUIT 

-I5V -I5V 
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OPERATION AND APPLICATIONS INFORMATION (continued) 


FIGURE 26 - BASIC SQUARE ROOT CIRCUIT 



as indicated in Figure 26. This circuit may suffer from 
latch-up problems similar to those of the divide circuit Note 
that only one polarity of input is allowed and diode clamping 
(see Figure 271 protects against accidental latch-up 

This circuit also may be ad/usted in the closed-loop mode as 
follows: 

1. Set to -0 01 volts and adjust P 4 (output offset) for 
Vq = +0 316 volts, being careful to approach the output 
from the positive side to preclude the effect of the out¬ 
put diode clamping 

2. Set V 2 to -0 9 volts and adjust P 2 (X adjust) for Vq = 
■*■3.0 volts. 

3. Set V 2 to -10 volts and adjust P 3 (scale factor adjust) 
for Vq = -t-IO volts. 

4 Steps 1 through 3 may be repeated as necessary to achieve 
desired accuracy. 


6. AC Applications 

The applications that follow demonstrate the versatility of the 
monolithic multiplier. If a potted multiplier is used for these 
cases, the results generally would not be as good because the potted 
units have circuits that, although they optimize dc multiplication 
operation, can hinder ac applications 

6.1 Frequency doubling often is done with a diode where the 
fundamental plus a series of harmonics are generated. However, 
extensive filtering is required to obtain the desired harmonic, 
and the second harmonic obtained under this technique usually 
IS small in magnitude and requires amplification. 

When a multiplier is used to double frequency the second 
harmonic is obtained directly, except for a dc term, which can 
be removed with ac coupling 

Bq = KE2 cos2 u)t 


Cq = - (1 + cos 2 u)t). 

2 

A potted multiplier can be used to obtain the double fre¬ 
quency component, but frequency would be limited by its 
internal level-shift amplifier. In the monolithic units, the ampli¬ 
fier IS omitted. 

In a typical doubler circuit, conventional + 15-volt supplies 
are used. An input dynamic range of 5.0 volts peak-to-peak is 
allowed. The circuit generates wave-forms that are double fre¬ 
quency; less than 1 %distortion is encountered without filtering. 
The configuration has been successfully used in excess of 200 
kHz; reducing the scale factor by decreasing the load resistors 
can further expand the bandwidth. 

A slightly modified version of the MC1595 (l\/IC1495) — 
the MC1596 (MC1496) — has been successfully used as a doubler 
to obtain 400 MHz. (See Figure 28 ) 

6.2 Figure 29 represents an application for the monolithic 
multiplier asabalanced modulator. Here, the audio input signal 
is 1.6 kHz and the carrier is 40 kHz. 


FIGURE 27 - SQUARE ROOT CIRCUIT 


-I5V -15V 
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OPERATION AND APPLICATIONS INFORMATION (continued) 


FIGURE 28 - FREQUENCY DOUBLER 


The defining equation for balanced modulation is 


RY Rx 

82k 82k Vcc = -n5V 



When two equal cosine waves are applied to X and Y, 
the result is a waveshape of twice the input frequency 
For this example the input was a 10 kH: signal, output 
was 20 kHz 


FIGURE 29 - BALANCED MODULATOR 

♦ 15 V 




KIEmCOs turpt) (E^cosuict) = 


—^- (cos (cJq + cUfp)t + cos (oJc — 

where cjj. is the carrier frequency, cjm is the modulator fre¬ 
quency and K is the multiplier gain constant. 

AC coupling at the output eliminates the need for level trans¬ 
lation or an operational amplifier, a higher operating frequency 
results. 

A problem common to communications is to extract the 
intelligence from single-sideband received signal. The ssb signal 
IS of the form 


e^j^ -- A cos (cuq u 2 pp)t 

and if multiplied by the appropriate carrier waveform, cos cu^t, 

A K , , , I % 1 

®ssb®carrier = ^ (uJcitl. 

If the frequency of the band-limited carrier signal, 0 )^. 'S ascer¬ 
tained in advance the designer can insert a low-pass filter and 
obtain the IAK/2) (cos tuc*) vvith ease. He also can use an 
operational amplifier for a combination level shift-active filter, 
as an external component. But in potted multipliers, even if 
the frequency range can be covered, the operational amplifier 
is inside and not accessible, so the user must accept the level 
shifting provided, and still add a low-pass filter. 

6 3 Amplitude Modulation 

The multiplier performs amplitude modulation, similar to 
balanced modulation, when adc term is added to the modulating 
signal with the Y offset adjust potentiometer. (See Figure 30.) 

Here, the identity is 



En-|( 1 -t m cos r-Urpt) Ep tUct = KEmEpCOs cOpt + 


KEfYiEpm 

2 


lcos(tjp -k ulmit + cos (u)p - uipnltl 


where m indicates the degree of modulation Since m is adjust¬ 
able, via potentiometer Pi, 100% modulation is possible. With¬ 
out extensive tweaking, 96% modulation may be obtained where 
uip and uipri same as in the balanced-modulator example. 


6 4 Linear Gain Control 

To obtain linear gain control, the designer can feed to one 
of the two MC1595 (MC1495) inputs a signal that will vary the 
unit's gain. The following example demonstrates the feasibility 
of this application Suppose a 200 kHz sine wave, 1.0 volt 
peak-to-peak, is the signal to which a gain control will be added. 
The dynamic range of the control voltage Vq is 0 to +1.0 volt. 
These must be ascertained and the proper values of Rx and Ry 
can be selected for optimum performance. For the 200-kHz 
operating frequency, load resistors of 100 ohms were chosen to 
broaden the operating bandwidth of the multiplier, but gain was 
sacrificed It may be made up with an amplifier operating at the 
appropriate frequency. (See Figure 31 ) 
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OPERATION AND APPLICATIONS INFORMATION (continued) 


FIGURE 30 - AMPLITUDE MODULATION 


ry Rx 

82 k a2k Vcc=*'5V 



The signal is applied to the unit's Y input. Since the total 
input range is limited to 1.0 volt p-p, a 2 . 0 -volt swing, a current 
source of 2 0 mA and an Ry value of 1 0 kilohm is chosen. 
This takes best advantage of the dynamic range and insures 
linear operation in the Y-channel. 

Since the X input varies between 0 and +1.0 volt, the current 
source selected was 1 0 mA and the Rx value chosen was 2 0 
kilohms. This also insures linear operation over the X input 
dynamic range 

Choosing Rl= lOOassureswide-bandwidth operation. Hence, 
the scale factor for this configuration is 


Rl 

K- RxRyls 
100 

=- V-1 

(2 k)(1 kM2 X 10+3) 


= -!- V-1 
40 



The 2 in the numerator of the equation is missing in this scale- 
factor expression because the output is single-ended and ac 
coupled 

To recover the gain, an MC1552 video amplifier with a gam 
of 40 IS used An operational amplifier also could have been 
used with frequency compensation to allow a gam of 40 at 
200 kHz. The MC1539 operational amplifier can be tailored for 
this use; and the MC1520 operational amplifier does it directly. 


FIGURE 31 - LINEAR GAIN CONTROL 


*12 V 
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OPERATIONS AND APPLICATIONS 
INFORMATION INDEX 


1. THEORY OF OPERATtON 

2. DESIGN CONSIDERATIONS 

2.1 General 

2.1.1 Linearity, Output Error, Erx or Ery 

2.1.2 3-dB Bandwidth and Phase Shift 

2.1.3 Maximum Input Voltage 

2.1.4 Maximum Output Voltage Swing 

3. GENERAL DESIGN PROCEDURES 

4. OFFSET AND SCALE FACTOR ADJUSTMENT 

4.1 Offset Voltages 

4.2 Scale Factor 

4.3 Adjustment Procedure 

5. DC APPLICATIONS 

5.1 Multiply 

5.2 Squaring Circuit 

5.3 Divide Circuit 

5.4 Square Root 

6. AC APPLICATIONS 

6.1 Frequency Doubler 

6.2 Balanced Modulator 

6.3 Amplitude Modulation 

6.4 Linear Gain Control 
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ORDERING INFORMATION | 

Device 

Temperature Range 

Package 

MC1496G 

0°C to -l-70°C 

Metal Can 

MC1496L 

o°c to -f ro^c 

Ceramic DIP 

MC1496P 

0°C to +70°C 

Plastic DIP 

MC1596G 

-55°C to -f-125°C 

Metal Can 

MC1596L 

-55°C to -f 125°C 

Ceramic DIP 



BALANCED MODULATOR - DEMODULATOR 

. . . designed for use where the output voltage is a product of an 
input voltage (signal) and a switching function (carrier). Typical 
applications include suppressed carrier and amplitude modulation, 
synchronous detection, FIVI detection, phase detection, and chopper 
applications. See Motorola Application Note AN-531 for additional 
design information. 

• Excellent Carrier Suppression — 65 dB typ @ 0.5 MHz 

— 50 dB typ @ 10 MHz 

• Adjustable Gain and Signal Handling 

• Balanced Inputs and Outputs 

• High Common-Mode Rejection — 85 dB typ 



FIGURE 1 - 
SUPPRESSED CARRIER 
OUTPUT WAVEFORM 


BALANCED 

MODULATOR - DEMODULATOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



L SUFFIX 

CERAMIC PACKAGE 
CASE 632 
TO-116 



|l!' 

Tl tc^»80D*M« i-- 

if ^ 

J ;■ aft 



5 ' 

\ 

_ i . 


1 j 


*0 < 

' T ' ! 





: 49SkHi 800'nHr 

&01 kH( 


PSUFFIX 

PLASTIC PACKAGE 
CASE 646 
(MC1496 only) 


FIGURE 2 - 

SUPPRESSED CARRIER 
SPECTRUM 



-s 

^ "A ‘ 



\ \ i 









FIGURE 4 - AMPLITUDE-MODULATION SPECTRUM 


FIGURE 3 - 

AMPLITUDE-MODULATION 
OUTPUT WAVEFORM 
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MAXIMUM RATINGS* (Ta = +25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Applied Voltage 

AV 

30 

Vdc 

<V 6 - V 7 , Vg - Vi, Vg - V 7 , Vg - Vg, V 7 - V 4 , V 7 - Vi, 




Vs - V 4 , Vg - Vg, V 2 - V 5 , Vg - V 5 ) 




Differential Input Signal 

V 7 -Vg 

-r5 0 

Vdc 


V 4 -V 1 

±(5+l5Re) 


Maximum Bias Current 

I 5 

10 

mA 

Power Dissipation (Package Limitation) 

Pd 



Ceramic Dual In-Line Package 


575 

mW 

Derate above T/\ = ■r25°C 


3 85 

mW/°C 

Metal Package 


680 

mW 

Derate above T/\ = -i-25°C 


46 

mW/°C 

Operating Temperature Range 

Ta 


°C 

MC1496 


0 to +70 


MCI596 


-55 to +125 


Storage Temperature Range 

Tstg 

-65 to +150 

°C 


ELECTRICAL CHARACTERISTICS* (Vcc = +12 Vdc, Vee = -8.0 Vdc, 15 = 1.0 mAdc, Rl = 3.9 kU Re = 1.0 kU 
Ta = +25°C unless otherwise noted) (All input and output characteristics are single-ended unless otherwise noted.) 



MC1596 

MCI496 


Characteristic 

m 


Symbol 





BH 


Unit 

Carrier Feedthrough 

H 

1 

VCFT 

PI 






MV(rms) 

Vq = 60 mV(rms) sine wave and fc = 1.0 kHz 

■ 




40 



40 

- 


offset adjusted to zero fc = 10 MHz 

Vc = 300 mVp-p square wave: 

1 



I 

140 

■ 

I 

140 

■ 

mV(rms) 

offset adjusted to zero fc = 1 0 kHz 

■ 




004 

0.2 


004 

04 


offset not adjusted fc = 1 0 kHz 

■ 



H 

20 

100 

B 

20 

200 


Carrier Suppression 

5 

2 

Vcs 






m 

dB 

fS= 10 kHz, 300mV(rms) 






^^B 





fC = 500 kHz, 60 mV(rmsl sine wave 




50 

65 


40 

65 



fg = 10 MHz, 60 mV(rms) sine wave 




- 

50 

H 

- 

50 

B 

k 

Transadmittance Bandwidth (Magnitude) (Rl = 50 ohms) 

8 

8 

BWgdB 

n 





■■ 

MHz 

Carrier Input Port, Vq = 60 mV(rms) sine wave 





300 



300 



fg = 1.0 kHz, 300 mV(rms) sine wave 

Signal Input Port, Vg = 300 mV(rms) sine wave 




1 

80 

■ 

■ 

80 

1 


|Vcl = 0.5 Vdc 




m 


■ 

■ 


■ 


Signal Gam 

IQ 

3 

AVS 




25 

3.5 

- 

V/V 

Vg = 100 mV(rms), f = 1.0 kHz, IVqI = 05 Vdc 

1 



■ 

■ 






Single-Ended Input Impedance, Signal Port, f = 5 0 MHz 

6 

1119111 


n 





■■ 


Parallel Input Resistance 



f|p 


200 



200 


kU 

Parallel Input Capacitance 



Cp 

H 

20 

B 

B 

2.0 

D 

pP 

Single-Ended Output Impedance, f = 10 MHz 

6 

■BH 





■B 




Parallel Output Resistance 



fop 


40 



40 


kn 

Parallel Output Capacitance 



Cop 

H 

5.0 

B 

B 

5.0 

B 

pF 

Input Bias Current 










aA 

, *1 + U , I 7 + '8 

'bS' 2 ■ 2 

1 

■ 

•bS 

'bC 

B 

12 

12 

25 

25 

■ 

12 

12 

30 

30 


Input Offset Current 

7 






■B 

■1 

■i 

mA 

lioS= '1 - U: lioC = I 7 - '8 



I'losl 


0.7 

5.0 


PI 






I'loCi 

m 

0.7 

5 0 

m 

Pi 



Average Temperature Coefficient of Input Offset Current 

7 

- 

iTCj.ol 


2 0 

- 

- 

2.0 

- 

nA/°C 

(Ta = -55°C to +125°C) 











Output Offset Current 

7 

_ 

HM 


14 

50 

- 

14 

80 

/iA 

(•6 - '9* 



■■■ 








Average Temperature Coefficient of Output Offset Current 

7 

umi 


- 

90 

- 

- 

90 

- 

nA/°C 

(Ta = -55°C to +125°C) 











Common-Mode Input Swing, Signal Port, fg = 1.0 kHz 

a 

4 

CMV 

- 


- 

- 


- 

Vp-p 

Common-Mode Gain, Signal Port, fg = 1 0 kHz, 

9 

- 

ACM 

- 

-85 

- 

- 

-85 

- 

dB 

|Vcl = 05 Vdc 











Common-Mode Quiescent Output Voltage (Pm 6 or Pm 9) 

10 

- 

Vo 

- 

iO 

- 

- 

B 

- 

Vdc 

Differential Output Voltage Swing Capability 

El 

- 

Vout 

- 

m 

- 

- 

B 

- 

Vp-p 

Power Supply Current 

D 

6 

mm 

■ 

■1 


■ 



mAdc 

'6 + *9 

■ 




Mil 

30 


20 

4.0 


ho 

■ 


El 

B 


40 

B 

3.0 

50 


DC Power Dissipation 


5 

PD 

- 

1^1 

- 

- 


- 

mW 


* Pin number references pertain to this device when packaged in a metal can. To ascertain the corresponding pin numbers for plastic or 
ceramic packaged devices refer to the first page of this specification sheet. 
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GENERAL OPERATING INFORMATION * 


Note 1 — Carrier Feedthrough 

Carrier feedthrough is defined as the output voltage at carrier 
frequency with only the carrier applied (signal voltage = 0). 

Carrier null is achieved by balancing the currents in the differ¬ 
ential amplifier by means of a bias trim potentiometer (R-i of 
Figure 5). 

Note 2 — Carrier Suppression 

Carrier suppression is defined as the ratio of each sideband out¬ 
put to carrier output for the carrier and signal voltage levels speci¬ 
fied. 

Carrier suppression is very dependent on carrier input level, as 
shown in Figure 22. A low value of the carrier does not fully 
switch the upper switching devices, and results in lower signal 
gain, hence lower carrier suppression. A higher than optimum car¬ 
rier level results in unnecessary device and circuit carrier feed¬ 
through, which again degenerates the suppression figure. The 
MCI596 has been characterized with a 60 mV(rms) sinewave 
carrier input signal. This level provides optimum carrier suppres¬ 
sion at carrier frequencies in the vicinity of 500 kHz, and is 
generally recommended for balanced modulator applications. 

Carrier feedthrough is independent of signal level, Vg. Thus 
carrier suppression can be maximized by operating with large sig¬ 
nal levels. However, a linear operating mode must be maintained 
in the signal-input transistor pair — or harmonics of the modulating 
signal will be generated and appear in the device output as spurious 
sidebands of the suppressed carrier. This requirement places an 
upper limit on input-signal amplitude (see Note 3 and Figure 20). 
Note also that an optimum carrier level is recommended in Fig¬ 
ure 22 for good carrier suppression and minimum spurious side¬ 
band generation. 

At higher frequencies circuit layout is very important in order 
to minimize carrier feedthrough. Shielding may be necessary in 
order to prevent capacitive coupling between the carrier input 
leads and the output leads. 


base current, Pq = 2 Ig (Vg — Viq) + I 5 (Vg — Vig)''''here sub¬ 
scripts refer to pin numbers. 

Note 6 — Design Equations 

The following is a partial list of design equations needed to 
operate the circuit with other supply voltages and input condi¬ 
tions. See Note 3 for Rg equation. 

A. Operating Current 

The internal bias currents are set by the conditions at pin 5. 
Assume: 

15 = '6 = '9 

IB« Ic for all transistors 

then; 

R 5 = -500 n where- Rg is the resistor between pm 

^ 5 and ground 

<p = 0.75 V at Ta = -H25°C 

The MCI596 has been characterized for the condition Ig = 1.0 
mA and is the generally recommended value. 

B. Common-Mode Quiescent Output Voltage 

Ve = V9 = V+-lgRL 

Note 7 — Biasing 

The MCI 596 requires three dc bias voltage levels which must be 
set externally. Guidelines for setting up these three levels include 
maintaining at least 2 volts collector-base bias on all transistors 
while not exceeding the voltages given in the absolute maximum 
rating table. 


Note 3 — Signal Gain and Maximum Input Level 

Signal gam (single-ended) at low frequencies is defined as the 
voltage gam. 


30Vdc^ [(Vg, Vg) - (V 7 , Vg)) i 2 Vdc 
30VdcS [(V 7 , Vg) - (Vi, V 4 )] S 2.7 Vdc 



Rl 

Re ^t^e 


where r 


^ 26 mV 
® ~ Ig (mA) 


A constant dc potential is applied to tne carrier input terminals to 
fully switch two of the upper transistors "on" and two transistors 
"off" (Vq = 05 Vdc). This in effect forms a cascode differential 
amplifier. 

Linear operation requires that the signal input be below a criti¬ 
cal value determined by Rg and the bias current Ig 


30 Vdc i [(Vi, V 4 ) - (Vg)] i 2.7 Vdc 

The foregoing conditions are based on the following approxima¬ 
tions. 


Vg = Vg, V 7 = Vg, Vi = V 4 

Bias currents flowing into pins 1, 4, 7, and 8 are transistor base 
currents and can normally be neglected if external bias dividers 
are designed to carry 1.0 mA or more. 


Vg S Ig Rg (Volts peak) 

Note that m the test circuit of Figure 10, Vg corresponds to a 
maximum value of 1 volt peak. 

Note 4 — Common-Mode Swing 

The common-mode swing is the voltage which may be applied 
to both bases of the signal differential amplifier, without saturating 
the current sources or without saturating the differential amplifier 
Itself by swinging it into the upper switching devices. This swing 
IS variable depending on the particular circuit and biasing condi¬ 
tions chosen (see Note 6 ) 


Note 8 — Transadmittance Bandwidth 

Carrier transadmittance bandwidth is the 3-dB bandwidth of 
the device forward transadmittance as defined by; 

ip (each sideband) I 
y21C “ Vj (signal) I Vp = 0 

Signal transadmittance bandwidth is the 3-dB bandwidth of the 
device forward transadmittance as; defined by: 

Ip (signal) | 

V21S - v; (signal) | Vp = 0.5 Vdc, Vp = 0 


Note 5 — Power Dissipation 

Power dissipation, Pq, within the integrated circuit package 
should be calculated as the summation of the voltage-current prod¬ 
ucts at each port, i.e. assuming Vg = Vg, Ig = Ig = Ig and ignoring 


•Pin number references pertain to this device when packaged in a 
metal can. To ascertain the corresponding pin numbers for plas¬ 
tic or ceramic packaged devices refer to the first page of this 
specification sheet. 
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Note 9 — Coupling and Bypass Capacitors Ci and C 2 

Capacitors Ci and C 2 (Figure 5) should be selected for a re¬ 
actance of less than 5.0 ohms at the carrier frequency. 


Note 10 — Output Signal, Vg 

The output signal is taken from pins 6 and 9, either balanced 
or single-ended Figure 12 shows the output levels of each of the 
two output sidebands resulting from variations in both the car¬ 
rier and modulating signal inputs with a single-ended output 
connection. 

Note 11 — Signal Port Stability 

Under certain values of driving source impedance, oscillation 
may occur. In this event, an RC suppression network should be 


connected directly to each input using short leads. This will reduce 
the Q of the source-tuned circuits that cause the oscillation. 


SIGNAL INPUT 
(PINS 1 & 4) 


510 

-Wv- 



An alternate method for low-frequency applications is to insert 
a 1 k-ohm resistor in series with the inputs, pins 1 and 4. In this 
case input current drift may cause serious degradation of carrier 
suppression 


TEST CIRCUITS 

FIGURE 5 - CARRIER REJECTION AND SUPPRESSION FIGURE 6 - INPUT-OUTPUT IMPEDANCE 

Vcc 




FIGURE 7 - BIAS AND OFFSET CURRENTS 


FIGURE 8 - TRANSCONDUCTANCE BANDWIDTH 


Vcc 
+12 Vdc 



VEE 



vee 


Pin number references pertain to this device when packaged in a metal can. To ascertain the corresponding pm 
numbers for plastic or ceramic packaged devices refer to the first page of this specification sheet. 









Cip, PARALLEL INPUT CAPACITANCE (pF) OUTPUT AMPLITUDE OF EACH SIDEBAND (V(rms|) 
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TEST CIRCUITS (continued) 


FIGURE 9 - COMMON-MODE GAIN FIGURE 10 - SIGNAL GAIN AND OUTPUT SWING 



Pin number references pertain to this device when packaged in a metal can To ascertain the corresponding pin 
numbers for plastic or ceramic packaged devices refer to the first page of this specification sheet. 


TYPICAL CHARACTERISTICS (continued) 

Typical characteristics were obtained with circuit shown in Figure 5,fQ = 500 kHz (sine wave), 
\/q = 60 mV(rms), fs = 1 kHz, \/s = 300 mVIrms), T^ = +25°C unless otherwise noted. 


FIGURE 11 - SIDEBAND OUTPUT versus CARRIER LEVELS 



FIGURE 12 - SIGNAL-PORT PARALLEL-EQUIVALENT 



1.0 5 0 10 50 100 

(, FREQUENCY (MHz) 


FIGURE 13 - SIGNAL-PORT PARALLEL-EQUIVALENT 



1.0 2 0 5 0 10 20 50 100 

f, FREQUENCY (MHz) 


FIGURE 14 - SINGLE-ENDED OUTPUT 


IMPEDANCE versus FREQUENCY 
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VcFT. CARRIER OUTPUT VOLTAGE (mVIrmsl) ,, Avs, SINGLE ENOEO VOLTAGE GAIN (dB) V 21 , TRANSAOMITTANCE (mmho) 
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TYPICAL CHARACTERISTICS (continued) 

Typical characteristics were obtained with circuit shown in Figure 5,fQ = 500 kHz (sine wave), 
Vq = 60 mV/(rms), (3 “ 1 kHz, Vs = 300 mV(rms). T= +25°C unless otherwise noted. 


FIGURE 15 - SIDEBAND AND SIGNAL PORT 
TRANSADMITTANCES versus FREQUENCY 


FIGURE 16 - CARRIER SUPPRESSION 
versus TEMPERATURE 




-75 -50 -25 0 +25 +50 +75 +100 +125 +150 +175 

Ta, ambient TEMPERATURE (°C) 


FIGURE 17 - SIGNAL-PORT FREQUENCY RESPONSE 



0.01 01 1.0 10 100 


f, FREQUENCY (MHz) 


FIGURE 18 - CARRIER SUPPRESSION versus FREQUENCY 



IGURE 19 - CARRIER FEEDTHROUGH versus FREQUENCY 


FIGURE 20 - SIDEBAND HARMONIC SUPPRESSION 
versus INPUT'SIGNAL LEVEL 



0.05 0.1 0.5 1.0 5.0 10 50 



0 200 400 600 800 


fC, CARRIER FREQUENCY (MHz) 


Vs, INPUT SIGNAL AMPLITUOE (mV[rms)) 
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TYPICAL CHARACTERISTICS (continued) 


FIGURE 21 - SUPPRESSION OF CARRIER HARMONIC 
SIDEBANDS versus CARRIER FREQUENCY 


FIGURE 22 - CARRIER SUPPRESSION 
versus CARRIER INPUT LEVEL 



0 05 0.1 0 5 1.0 5 0 10 50 



0 100 200 300 400 500 


fC, CARRIER FREQUENCY (MHz) 


Vc, CARRIER INPUT LEVEL (mV[rmsl) 


OPERATIONS INFORMATION 


The MC1596/I\/IC1496, a monolithic balanced modulator cir¬ 
cuit, Is shown in Figure 23. 

This circuit consists of an upper quad differential amplifier 
driven by a standard differential amplifier with dual current 
sources. The output collectors are cross-coupled so that full-wave 
balanced multiplication of the two input voltages occurs That is, 
the output signal is a constant times the product of the two input 
signals. 

Mathematical analysis of linear ac signal multiplication indi¬ 
cates that the output spectrum will consist of only the sum and 
difference of the two input frequencies. Thus, the device maybe 
used as a balanced modulator, doubly balanced mixer, product 
detector, frequency doubler, and other applications requiring 
these particular output signal characteristics. 

The lower differential amplifier has its emitters connected to 
the package pins so that an external emitter resistance may be 
used. Also, external load resistors are employed at the device 
output. 

Signal Levels 

The upper quad differential amplifier may be operated either 
in a linear or a saturated mode. The lower differential amplifier 
IS operated in a linear mode for most applications. 

For low-level operation at both input ports, the output signal 
will contain sum and difference frequency components and have 
an amplitude which is a function of the product of the input signal 
amplitudes. 

For high-level operation at the carrier input port and linear 
operation at the modulating signal port, the output signal will 
contain sum and difference frequency components of the modu¬ 
lating signal frequency and the fundamental and odd harmonics of 
the carrier frequency The output amplitude will be a constant 
times the modulating signal amplitude. Any amplitude variations 
in the carrier signal will not appear in the output. 



Pm number references pertain to this device when packaged in a metal can. To ascertain the corresponding pm 
numbers for plastic or ceramic packaged devices refer to the first page of this specification sheet. 
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OPERATIONS INFORMATION (continued) 


The linear signal handling capabilities of a differential amplifier 
are well defined. With no emitter degeneration, the maximum 
input voltage for linear operation is approximately 25 mV peak 
Since the upper differential amplifier has its emitters internally 
connected, this voltage applies to the carrier input port for all 
conditions. 

Since the lower differential amplifier has provisions for an 
external emitter resistance, its linear signal handling range may be 
adjusted by the user. The maximum input voltage for linear op¬ 
eration may be approximated from the following expression 

V -|l 5 j ^R^lvolts peak. 

This expression may be used to compute the minimum value of 
R 0 for a given input voltage amplitude 


FIGURE 25 - TABLE 1 

VOLTAGE GAIN AND OUTPUT FREQUENCIES 


Carrier Input 
Signal (Vq) 

Approximate 
Voltage Gain 

Output Signal 
Frequency(s) 

Low-level dc 

RlVc 

2(Re +2re)(i^) 

fM 

High-level dc 


'm 

Low-level ac 

R|_ Vc(rms) 

2^(!^)(RE + 2re) 

fC±^M 

High-level ac 

0 637 R L 

Re + 2re 

fC±fM. 3fc±fM. 
5fc±fM. • • • 


The gam from the modulating signal input port to the output is 
the MCI 596/M Cl 496 gam parameter which is most often of interest 
to the designer. This gam has significance only when the lower 
differential amplifier is operated m a linear mode, but this includes 
most applications of the device. 

As previously mentioned, the upper quad differential amplifier 
may be operated either m a linear or a saturated mode. Approxi¬ 
mate gain expressions have been developed for the MCI 596/ 
MC1496 for a low-level modulating signal input and the following 
carrier input conditions 

1) Low-level dc 

2) High-level dc 

3) Low-level ac 

4) High-level ac 

These gams are summarized m Table 1, along with the fre¬ 
quency components contained in the output signal 

NOTES 

1. Low-level Modulating Signal, V|yj, assumed in all cases. 
Vq is Carrier I nput Voltage. 

2. When the output signal contains multiple frequencies, 
the gain expression given is for the output amplitude of 
each of the two desired outputs, f^ + fjyi and fc - fivi- 

3. All gam expressions are for a single-ended output. For 
a differential output connection, multiply each expres¬ 
sion by two 

4. R|_ = Load resistance 

5. Rg = Emitter resistance between pins 2 and 3. 

6 . rg = Transistor dynamic emitter resistance, at ■l■25°C, 

26 mV 
'■e'“ I 5 (mA) 

7. K = Boltzmann's Constant, T = temperature in degrees 
Kelvin, q = the charge on an electron. 

— ~ 26 mV at room temperature 

q 


APPLICATIONS INFORMATION 


Double sideband suppressed carrier modulation is the basic 
application of the MCI 596/MCI 496. The suggested circuit for 
this application is shown on the front page of this data sheet. 

In some applications, it may be necessary to operate the 
MC1596/MC1496 with a single dc supply voltage instead of dual 
supplies. Figure 26 shows a balanced modulator designed for 
operation with a single •H2 Vdc supply. Performance of this cir¬ 
cuit is similar to that of the dual supply modulator. 

AM Modulator 

The circuit shown in Figure 27 may be used as an amplitude 
modulator with a minor modification. 

All that is required to shift from suppressed carrier to AM 
operation is to adjust the carrier null potentiometer for the proper 
amount of carrier insertion in the output signal. 

However, the suppressed carrier null circuitry as shown in 
Figure 27 does not have sufficient adjustment range. Therefore, 
the modulator may be modified for AM operation by changing 
two resistor values in the null circuit as shown in Figure 28. 

Product Detector 

The MC1596/MC1496 makes an excellent SSB product detec¬ 
tor (see Figure 29). 


This product detector has a sensitivity of 3.0 microvolts and a 
dynamic range of 90 dB when operating at an intermediate fre¬ 
quency of 9 MHz. 

The detector is broadband for the entire high frequency range. 
For operation at very low intermediate frequencies down to 50 
kHz the 0.1 (if capacitors on pins 7 and 8 should be increased to 
1.0 /LtF. Also, the output filter at pin 9 can be tailored to a 
specific intermediate frequency and audio amplifier input im¬ 
pedance. 

As in all applications of the MCI 596/MCI 496, the emitter 
resistance between pins 2 and 3 may be increased or decreased to 
adjust circuit gain, sensitivity, and dynamic range. 

This circuit may also be used as an AM detector by introducing 
carrier signal at the carrier input and an AM signal at the SSB 
input. 

The carrier signal may be derived from the intermediate fre¬ 
quency signal or generated locally. The carrier signal may be in¬ 
troduced with or without modulation, provided its level is 
sufficiently high to saturate the upper quad differential amplifier. 
If the carrier signal is modulated, a 300 mV(rms) input level is 
recommended. 
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APPLICATIONS INFORMATION (continued) 

Phase Detection and FM Detection 


Doubly Balanced Mixer 

The MC1596/MC1496 may be used as a doubly balanced 
mixer with either broadband or tuned narrow band input and 
output networks. 

The local oscillator signal is introduced at the carrier input 
port with a recommended amplitude of 100 mV(rms). 

Figure 30 shows a mixer with a broadband input and a tuned 
output. 

Frequency Doubler 

The MC1596/MC1496 will operate as a frequency doubler by 
introducing the same frequency at both input ports. 

Figures 31 and 32 show a broadband frequency doubler and a 
tuned output very high frequency (VHF) doubler, respectively. 


The MC1596/MC1496 will function as a phase detector. High- 
level input signals are introduced at both inputs. When both inputs 
are at the same frequency the MCI 596/MC1496 will deliver an 
output which is a function of the phase difference between the 
two input signals. 

An FM detector may be constructed by using the phase detec¬ 
tor principle. A tuned circuit is added at one of the inputs to 
cause the two input signals to vary in phase as a function of fre¬ 
quency. The MC1596/MC1496 will then provide an output which 
IS a function of the input signal frequency. 


Pin number references pertain to this device when packaged in a metal can. To ascertain the corresponding pin numbers for plastic or ceramic 
packaged devices refer to the first page of this specification sheet. 


TYPICAL APPLICATIONS 


FIGURE 26 - BALANCED MODULATOR 
(+12 Vdc SINGLE SUPPLY) 


FIGURE 27 - BALANCED MODULATOR-DEMODULATOR 


25 pF yc ; 

I5V X 

CARRIER INPUT ■ OI/iF 
BOmVirais) •— () -1^— 





OUTPUT 

INPUT •_ 

Vs 


SIGNAL INPUT 
300 mVirmsl 


INPUT 10k ^^51 ^51 'W] 


10 k< <100 <100 


FIGURE 28 - AM MODULATOR CIRCUIT 


FIGURE 29 - PRODUCT DETECTOR 
( + 12 VdcSINGLE SUPPLY) 



CARRIER 


CARRIER 0 1 (jF 

INPUT •-|i__i 

300 mV(rms) 


a MC1596G 0 005^ 

MC1496G PF JL 


Ik 1 OpF OUTPUT 

^^hr.iok 
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TYPICAL APPLICATIONS (continued) 


FIGURE 30 - DOUBLY BALANCED MIXER 
(BROADBAND INPUTS, 9.0 MHz TUNED OUTPUT) 

Vcc 

Ik Ik • +8 Vdc 


LOCAL — 5^' 

OSCILLATOR OOOlpFl 

INPUT •-_ It—i- 

lOOmVItms) ' 


FIGURE 31 - LOW-FREQUENCY DOUBLER 


> _ 1 _ 100 
-I 2SVdc 


- - I lOOpF 

95pH 90MH2 INPUT ■='15Vdc, 

OUTPUT 15 mVltms) MAX 
|y R, =5012 •-•_ I 


NULL adjust! -VEE 


L1 =44TURNSAWG NO 28 ENAMELED WIRE, WOUND 
ON MICROMETALS TYPE 44 6 TOROID CORE 


FIGURE 32 - 150 to 300 MHz DOUBLER 

Vcc 

Ik Ik V* • *8 Vdc 


^OOOU£f_ ^ Ki 
~ i 1 0S8pH^ '8nH 


MCI596G 
. ’ I MC1496G 


LI = 1TURNAWG 
NO 18WIRE,7/32"ID 


DEFINITIONS 


. 'M 

' VEE 4^ 
i -8 Vdc 



FREQUENCY-► BALANCED MODULATOR SPECTRUM 

fC CARRIER FUNDAMENTAL fC ± nfs FUNDAMENTAL CARRIER SIDEBAND HARMONICS 

fS MODULATING SIGNAL nfc CARRIER HARMONICS 

fC ± fs FUNDAMENTAL CARRIER SIDEBANDS nfc t nfs CARRIER HARMONIC SIDEBANDS 


Pin number references pertain to this device when packaged in a metal can. To ascertain the corresponding pin numbers for plastic or 
ceramic packaged devices refer to the first page of this specification sheet. 
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ORDERING INFORMATION 


Device 

Temperature Range 

Package 

MC1733G 

-55°C to -l-125“C 

Metal Can 

MC1733L 

-55°C to -f 125'’C 

Ceramic DIP 

MC1733CG 

0°C to -i-70°C 

Metal Can 

MC1733CL 

0°C to -t-TO'C 

Ceramic DIP 

MC1733CP 

0°C to -f-TO'C 

Plastic DIP 


MC1733 

MC1733C 


DIFFERENTIAL VIDEO AMPLIFIER 


... a wideband amplifier with differential input and differential out¬ 
put. Gain is fixed at 10, 100, or 400 without external components 
or, with the addition of one external resistor, gain becomes adjustable 
from 10 to 400. 


DIFFERENTIAL VIDEO 
WIDEBAND AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



• Bandwidth — 120 MHz typical @ Avd = 10 

• Rise Time — 2.5 ns typical @ Avd = 10 

• Propagation Delay Time - 3.6 ns typical @ Avd = 10 


FIGURE 1-BASIC CIRCUIT 



FIGURE 2 - VOLTAGE GAIN 
ADJUST CIRCUIT 



FIGURE 3 - EQUIVALENT CIRCUIT SCHEMATIC 



G SUFFIX 
METAL PACKAGE 
CASE 603 
TO-100 


GAIN SELECT 



Gib 

GAIN SELECT 




L SUFFIX 

CERAMIC PACKAGE 
CASE 632 
TO-116 


P SUFFIX 

PLASTIC PACKAGE 
CASE 646 




INPUT 1 
NC 

GzaGAIN SELECT 
Gia gain select 
Vcc 
NC 

OUTPUT 1 


(top View) 
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MAXIMUM RATINGS (T^ = +25°C unless othenwise noted) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

+8.0 

Volts 


vee 

-8.0 


Differential Input Voltage 

V,n 

±5.0 

Volts 

Common-Mode Input Voltage 

V|CM 

±6.0 

Volts 

Output Current 

'0 

10 

mA 

Internal Power Dissipation (Note 1) 

Pd 



Metal Can Package 


500 

mW 

Ceramic Dual In-Line Package 


500 


Operating Temperature Range MC1733C 

Ta 

0 to +70 

°c 

MCI 733 


-55 to +125 


Storage Temperature Range 

Tstg 

-65 to +150 

°C 


ELECTRICAL CHARACTERISTICS (^CC ~ Vdc, = -6.0 Vdc, at T/^ = +25°C unless otherwise noted.) 


Characteristic 
Differential Voltage Gain 


Gain 1 (Note 2) 
Gain 2 (Note 3) 
Gain 3 (Note 4) 


Bandwidth 

Gain 1 

Gain 2 

Gam 3 

(Rs=50n) 

Rise Time 

Gam 1 

Gam 2 

Gam 3 

(Rs = 50n,Vo = 1 Vp-p) 

Propagation Delay 
Gam 1 

Gam 2 

Gam 3 

(Rs = 50n,Vo= 1 Vp-p) 

Input Resistance 

Gam 1 

Gain 2 

Gam 3 

Input Capacitance 

(Gain 2) | 

Input Offset Current (Gain 3) 

Input Bias Current (Gain 3) 


Input Noise Voltage (R 5 = 50n, 

_ BW== 1 kHz to lOMHzl 

Input Voltage Range (Gain 21 
CkJmmon-Mode Rejection Ratio 

Gam 2 (VcM = V, f S 100 kHz) 

Gam 2 (Vcm = V. ^ = 5 MHz) 

Supply Voltage Rejection Ratio 
Gain 2 (AVj = +0.5 V) 

Output Offset Voltage 
Gain 1 

Gain 2 and Gam 3 

Output Common-Mode Voltage (Gain3) 

Output Voltage Swing (Gain 2) 

Output Sink Current (Gain 2) 

Output Resistance 

Power Supply Current (Gain 2) 


Symbol 

^vd 


BW 


«TLH 

'THL 


tPLH 

*PHL 


^in 


Cin 

I'lOl 

'IB 

Vn 

^in 

CMRR 


PSRR 

voo 

VCMO 

VQ 

'O 

*^out 

•d 



Units 

V/V 

MHz 

ns 

ns 

kn 

PF 

pA 

pA 

>iV(rms) 

V 

dB 

dB 

V 

V 

Vp-p 

mA 

n 

mA 
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ELECTRICAL CHARACTERISTICS (Vcc ^ '*'6-0 Vdc, Vee = -6.0 Vdc, at = Thigh "l^low unless otherwise noted.)* 




MC1733 

MC1733C 


Characteristic 

Symbol 


Typ 

Max 

Min 

Typ 

Max 

Units 

Differential Voltage Gain 

Avd 

■■ 






V/V 

Gain 1 (Note 2) 


EES 


600 

250 

- 

600 


Gain 2 (Note 3) 


El 


120 

80 

- 

120 


Gain 3 (Note 4) 




12 

8.0 

- 

12 


Input Resistance 

f^in 

8.0 

- 

- 

8.0 

- 

- 

kn 

Gain 2 









Input Offset Current (Gam 3) 

I'lol 

- 

- 

5.0 

- 

- 

6.0 

pA 

Input Bias Current (Gain 3) 

'IB 

- 

- 

40 

- 

- 

40 


Input Voltage Range (Gain 2) 

Vin 

BEI 

- 

- 

IQQI 

- 

- 

V 

Common-Mode Rejection Ratio 

CMRR 

50 

- 

- 

50 

- 

- 

dB 

Gain 2 ( Vqm = ±1 V, f < 100 kHz) 









Supply Voltage Rejection Ratio 

PSRR 

50 

- 

- 

50 

- 

- 

dB 

Gain 2 (AVs=±0.5V) 









Output Offset Voltage 

Gain 1 

VqO 


■ 

1.5 

■ 

■ 

1.5 

V 

Gam 2 and Gain 3 




1.2 



1.5 


Output Voltage Swing (Gain 2) 

Vo 


- 

- 

2.5 

- 

- 

Bail 

Output Sink Current (Gain 2) 

'o 


- 

- 

2.5 

- 

- 


Power Supply Current (Gam 2) 

•d 

- 

- 

27 

- 

- 

27 

1 '"A 


*T|ow = 0°C for MC1733C, -55°C for MC1733 
Thigh = +70°Cfor IVIC1733C, +125°C for MCI 733. 


FIGURE 4 - MAXIMUM ALLOWABLE POWER DISSIPATION 
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+50 +100 +150 

Ta, AMBIENT TEMPERATURE (°C) 


TYPICAL CHARACTERISTICS 

(Vcc “ ■*^6.0 Vdc, Vee ■ "S.O Vdc, Ta = +25°C unless otherwise noted.) 


NOTES 

Note 1: Derate metal package at 6 5 mW/°C for operation at 
ambient temperatures above 75°C and dual in-line pack¬ 
age at 9 mW/°C for operation at ambient temperatures 
above 100°C (see Figure 4). If operation at high am¬ 
bient temperatures is required (MCI733) a heatsink 
may be necessary to limit maximum junction tempera¬ 
ture to 150°C. Thermal resistance, junction-to-case, 
for the metal package is 69.4'^C per Watt. 

Note 2' Gam Select pins G-ja *^16 connected together. 

Note 3: Gam Select pins G 2 A ^nd G 2 B connected together. 

Note 4: All Gam Select pins open. 


FIGURE 5 - SUPPLY CURRENT versus TEMPERATURE 
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FIGURE 6 - SUPPLY CURRENT versus SUPPLY VOLTAGE 
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Ta,AMBIENTTEMPERATURE(°C) 


Vcc, IVeeI, SUPPLY VOLTAGE (VOLTS) 
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A„,SINGLE ENDED VOLTAGE GAIN (dB) RELATIVE VOLTAGE GAIN RELATIVE VOLTAGE GAIN 
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TYPICAL CHARACTERISTICS (continued) 

(Vcc = +6-0 Vdc, Vee = -6.0 Vdc, T/\ = +25°C unless otherwise noted.) 
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T, TEMPERATURE (“O 
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f, FREQUENCY (MHz) 
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FIGURE 11 - GAIN versus FREQUENCY and 
SUPPLY VOLTAGE 
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FIGURE 12 - GAIN versus FREQUENCY 
and TEMPERATURE 
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PHASE SHIFT (DEGREES) Vq, OUTPUT VOLTAGE (VOLTS) Vq,OUTPUT VOLTAGE (VOLTS) 
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TYPICAL CHARACTERISTICS (continued) 

(Vqq = +6.0 Vdc, Vee = -6.0 Vdc, T/^ = +25°C unless otherwise noted.) 


FIGURE 13-PULSE RESPONSE versus GAIN 


FIGURE 14 - PULSE RESPONSE versus SUPPLY VOLTAGE 


\WM 


-15 -10 -5 0 0 +5 0 +10 +15 +20 +25 +30 +35 

t, TIME (ns) 






■1 

}■ 

7/J 

IB 

■1 


IB 

IB 

Bi 

m 


m 


Bi 

IB 

Bi 

» 

B 


■1 


Bi 

BTi 

B 


Bil 


B 


Bil 

IB 

Bi 

IBI 

n 

Bi 

IB 

Bi 

IB 

IB 

Bil 

■ 

B 

■ 

B 

B 

■ 

BI 


-15 -10 -5 0 0 +5 0 +10 +15 +20 +25 +30 +35 

t.TIME (ns) 


FIGURE 15 - PULSE RESPONSE versus TEMPERATURE 
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FIGURE 16 - DIFFERENTIAL OVERDRIVE 
RECOVERY TIME 
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FIGURE 17 - PHASE SHIFT versus FREQUENCY 


FIGURE 18 - PHASE SHIFT versus FREQUENCY 
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TYPICAL CHARACTERISTICS (Continued) 

(Vcc = +6.0 Vdc, Vee = -6.0 Vdc, T/^ = +25°C unless otherwise noted.) 


FIGURE 19 - INPUT RESISTANCE versus TEMPERATURE 
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FIGURE 20 - INPUT NOISE VOLTAGE 
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FIGURE 21 - OUTPUT VOLTAGE SWING and 
SINK CURRENT versus SUPPLY VOLTAGE 
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FIGURE 22 - OUTPUT VOLTAGE SWING versus 
LOAD RESISTANCE 
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RL, load RESISTANCE (12) 
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FIGURE 24 - COMMON-MODE REJECTION RATIO 
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APPLICATIONS INFORMATION 


FIGURE 25 - VOLTAGE CONTROLLED OSCILLATOR 



By changing the voltage \/q the gain will 
vary over a range of 10 to 400. This will 
give a frequency variation about the value 
set by the capacitor and shown in Figure 26. 


FIGURE 26 - OSCILLATOR FREQUENCY FOR 
VARIOUS CAPACITOR VALUES 



TAPE,DRUM OR DISC MEMORY READ AMPLIFIERS 


6 


The first of several methods to be discussed is shown in 
Figure 27. This block diagram describes a simple Read cir¬ 
cuit with no threshold circuitry. Each block represents a 
basic function that must be performed by the Read circuit. 
The first block, referred to as "ampifiication", increases 
the level of the signal available from the Read head to a 
level adequate to drive the peak detector. Obviously, these 
signal levels will vary depending on factors such as tape 
speed, whether the system used is disc or tape, and the 
type of head and the circuitry used. For a representative 
tape system, levels of 7 to 25 mV for the signal from the 
Read head and 2 V for the signal to the peak detector are 
typical. These signal levels are “peak-to-peak" unless 
otherwise specified. On the basis of the signal levels men¬ 
tioned above, the overall amplification required is 38 to 
49 dB. 

How the overall gain requirement is implemented will 
depend somewhat on the system used. For instance, a 
tape cassette system with variable tape speed may utilize 
a first stage for gain and a second stage primarily for gain 
control. Thus, a typical circuit would utilize 35 dB in the 
first stage and 10 to 15 dB in the second stage. 

Devices suitable for use as amplifiers fall into one of 
two categories, operational amplifiers or wideband video 
amplifiers. Lower speed equipment with low transfer rates 
commonly uses low cost operational amplifiers. Examples 
of these are the MCI 741, MCI 458, MCI 709, and MLM301. 
Equipment requiring higher transfer rates, such as disc 
systems normally use wideband amplifiers such as the 
MC1733. The actual cross-over point where wideband 
amplifiers are used exclusively varies with equipment de- 

FIGURE 27 - TYPICAL READ CIRCUIT (METHOD 1) 



sign. For purposes of comparison, the MLM301 has 
slightly less than a 40 dB open-loop gain at 100 kHz; the 
MCI 741, a compensated op-amp, has approximately 20 dB 
open loop gain at 100 kHz; the MCI 733 has approximately 
33 dB of gain out to 100 MHz (depending on gain option 
and loading). 

There are a number of ways to implement the peak 
detector function. However, the simplest and most widely 
used method is a passive differentiator that generates "zero- 
crossings" for each of the data peaks in the Read signal. 

The actual circuitry used to differentiate the Read sig¬ 
nal varies from a differential LC type in disc systems to a 
simple RC type in reel and cassette systems. Either type, 
of course, attenuates the signal by an amount depending 
on the circuit used and system specifications. A good 
approximation of attenuation using the RC type is 20 dB. 
Thus, the 2 V signal going into the differentiator is reduced 
to 200 mV. 

The next block in Figure 27 to be discussed is the 
zero-crossing detector. In most cases detection of the zero- 
crossings is combined with the limiter. These functions 
serve to generate a TTL compatible pulse waveform with 
"edges" corresponding to zero-crossings. For low transfer 
rates, the circuit often used consists of an operational 
amplifier with series or shunt limiting. For higher transfer 
rates (greater than 100K B/S) comparators are used. 

The method described above is often modified to in¬ 
clude threshold sensing. In Figure 28, the function called 
"double-ended, limit-detector" enables the output NAND 
gate when either the negative or positive data peaks of the 
Read signal exceed a predetermined threshold. This func¬ 
tion can be implemented in either of two ways. One 
method first rectifies the signal before it is applied to a 
comparator with a set threshold. The other method utilizes 
two comparators, one comparator for positive-going peaks 
and the other for negative-going peaks. These comparator 
outputs are then combined in the output logic gates. 
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MCI733, MC1733C 


APPLICATIONS INFORMATION (continued) 


FIGURE 28 - READ CIRCUIT (METHOD 2) 



Another common technique is shown in Figure 29. 
The branch labeled rectifiers, peak detector, etc., provides 
a clock transition of the D flip-flop that corresponds to 
the peak of both the positive and negative-going data 
peaks. This branch may include threshold circuitry prior to 
the peak detector. The detector in the lower path detects 
whether the signal peaks are positive or negative and feeds 
this data to the flip-flop. This detector can be implemented 
using a comparator with pre-set threshold. 


FIGURE 29 - READ CIRCUIT (METHOD 3) 



The technique shown in Figure 30 uses separate cir¬ 
cuits with threshold provisions for both negative and 
positive peaks. The peak detectors and threshold detectors 


may be implemented with two comparators and two 
passive differentiators. 

Each of the methods shown offer certain intrinsic ad¬ 
vantages or disadvantages. The overall decision as to which 
method to use however often involves other important 
considerations. These could include cost and system re¬ 
quirements or circuitry other than simply the Read cir¬ 
cuitry. For instance, if cost is the predominate overall 
factor, then approach one may be the only feasible 
alternative. 

Method four was included as a design example because 
it illustrates several unique advantages. First, it uses 
threshold sensing to reduce noise peak errors. Second, it 
may be implemented using only integrated circuits. Third, 
it offers separate, direct threshold sensing for both pos¬ 
itive and negative peaks. 


FIGURE 30 - READ CIRCUIT (Method 4) 
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ORDERING INFORMATION 


Device Temperature Range Package 


MC3344L -40“C to +85‘‘C Ceramic DIP 

MC3344P -40°C to +85“C Plastic DIP 


MC3344 


Advance Information 


PROGRAMMABLE FREQUENCY SWITCH 
WITH ADJUSTABLE HYSTERESIS 

The IV1C3344 i$ a general purpose programmable frequency switch 
designed for use in systems where a load must be switched on or off 
at a predetermined frequency. Switch frequency is determined by 
an external resistor (Rr) and capacitor (Cr). Hysteresis is adjustable 
and determined by an external resistor (R|-)). 

• Isolated Driver Transistor 

• Complementary Outputs 

• Adjustable Hysteresis 

• Wide Supply Operating Range (7 to 24 Volts) 

• Wide Input Frequency Range (10 Hz to 100 kHz) 

• Internal Regulator 

• Ideal for Automotive and Industrial Applications 


PROGRAMMABLE 
FREQUENCY SWITCH 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 

CERAMIC PACKAGE 
CASE 632 
TO - 116 



FIGURE 1 - CIRCUIT BLOCK DIAGRAM 

VCCOB Cbo 13 CA<j 

)14 

, 1-. 

Voltage 


Regulator 


and Bias 


VReg ^ 12 k 


T * ^ ' 

f \ D1 





This is advance information and specifications are subject to change without notice. 
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MC3344 


MAXIMUM RATINGS (T/\ = 25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Power Supply 

Vcc 

24 

Vdc 

Peak Input Current 

l| 

10 

mA 

Junction Temperature 

Tj 

150 

°C 

Operating Ambient Temperature Range 

Ta 

-40 to +85 

°C 

Storage Temperature Range 

"'^stg 

-65 to +150 

°C 


ELECTRICAL CHARACTERISTICS (T/\ = 25°C, Vqc “ +15 Vdc unless otherwise specified) 


Characteristic 

Test 

Ckts 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Current 

2 

Id 

- 

2.5 

4.0 

mA 

Trigger Reset Voltage 

3 





Vdc 

lin = 200;iA 


Vqri 

0.25 

- 

- 


Ijn = 600 pA 


VcR2 

- 

- 

0.25 


Regulator Output Voltage 

4 

Km 

4.0 

4.5 

5.0 

Vdc 

Threshold Output Voltage 

5 

VtCR 

0.739 

0.750 

0.761 

V/V 

VtCR “ VcR/Vpeg 







Hysteresis Sink Current 

6 

IH 

100 

400 

- 

mA 

Second Comparator Output 

7 

mam 





01 Leakage 



- 

- 

100 

nA 

02 Source 



100 

250 

- 

pA 

01 Source 



100 

200 

- 

ma 

02 Leakage 


Id2L 

- 

- 

100 

nA 

Output Driver Gain 

8 

hPEI 

50 

100 

- 

- 

Ic " 5.0 mA 







Output Driver Voltage Standoff 

9 

BVceO 

25 

30 

- 

Vdc 

Id = 5.0 mA 







Integrator Transistor Gain 

10 

l’FE2 

50 

200 

300 

- 

hFE2 “ AIcMIb, 







Ici = 0.4 mA, Ic2 “ 0-6 
























































































MC3344 



FIGURE 3 - TRIGGER RESET VOLTAGE 


Vcc 

Vout 


D4 

V|n 

D3 

Vrbq 

D1 

Cr 

D2 

Rh 

Ca 

Gnd 

Cb 





FIGURE 10 - INTEGRATOR 
TRANSISTOR GAIN 
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IVIC3344 


APPLICATIONS INFORMATION 


The voltage regulator and bias section provides the 
proper biasing and regulated supply voltage to the inte¬ 
grated circuit. 

A square wave, when applied to the RC differentiator, 
provides input current pulses to the 1C. The input circuit 
discharges and clamps, for a predetermined time, the volt¬ 
age across capacitor Cp. This establishes the initial ramp 
voltage (Vjat) and allows initiation of a new voltage ramp 
after each positive transistion of the input waveform. 

The voltage, Vqr, ramps from Vjgt to the final value, 
Vpeg, charging through Rr. 

If Vqr is never allowed to reach Vpgf due to quick 
reset pulses, the second integrator amplifier will not be 
activated, and capacitor Cab's allowed to charge through 
the 12 kr2 resistor until Vqa is greater than Vpef- At 
this point, D1 will switch ON and D2 will switch OFF. By 
connecting either D1 or D2 to the D3 drive pin, the out¬ 
put drive transistor may be either switched ON or OFF at 
the switch point. 

If VcR is allowed to ramp above Vpgf before being 
reset, the second integrator amplifier is driven ON which 
discharges and resets capacitor Cab keeping Vqa low 
with respect to Vpef- 

VcA will always be low with respect to Vpjgf if the 
time from reset Cr to Vqr = VRgf is less than the time 


from reset Cab ^o Vqa = VRgf. 

Resistor Rr provides hysteresis around the switch 
point (i.e., frequency to switch the output driver ON, 
when connected to the D1 terminal, is higher than the 
frequency required to switch the output driver OFF). If 
no hysteresis is desired then the Rr resistor should be 
omitted and pin 12 grounded. 


Circuit Equations: 

The first integrator time constant is 

T1 = Rr II Rr Cr. If Rr is omitted then 

T1 = Rr Cr. 

The second integrator time constant is 
T2 = (12 k) (hFE2) (Cab)- 

f1 = Switch Point frequency = ; ■ ^ ——— 

1.39 Rr Cr 

f2 = Hysteresis Switch Point frequency « 
_ 1 _ 

RrIIRhCrIh [o.25Rr - 0.75 Rr] 


FIGURE 11 - TYPICAL APPLICATION 
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MC3344 


FIGURE 12 - CIRCUIT SCHEMATIC 



ORDERING INFORMATION 


MC3370P 


Temperature Range 


-10°C to +75°C 


Package 


Plastic DIP 


MC3370P 


ZERO VOLTAGE SWITCH 


ZERO VOLTAGE SWITCH 


. . designed for use m ac power switching applications with output 

drive capable of triggering triacs. Other operational features include; 

(1) a built-in voltage regulator that allows direct ac line operation, 

(2) a differential input with dual sensor inputs capable of testing the 
condition of two external sensors and controlling the gate pulse to a 
triac accordingly, (hysteresis or proportional control to this section 
may be added if desired) (3) sensor input "open and short" pro¬ 
tection, this insures that the triac will never be turned "on" if either 
of the inputs are shorted or opened (4) a zero crossing detector 
that synchronizes the triac gate pulses with the zero crossing of the 
ac line voltage. This eliminates radio frequency interference (RFI) 
when used with resistive loads. 


SILICON MONOLITHIC 
FUNCTIONALCIRCUIT 


• Heater Controls 

• Photo Controls 

• Threshold Detector 

• Lamp Driver 


• Valve Control 

• On-Off Power Controls 

• Relay Driver 

• Flasher Control 


• Formerly MFC8070 in Case 644A Package 















MC3370 


FIGURE 2 - OUTPUT PULSE DEFINITION 


MAXIMUM RATINGS (T/\ = +25°C unless otherwrse noted.) 


Rating 

Symbol 

Value 

Unit 

DC Voltage 

V 4 -I 

15 

Vdc 

DC Voltage 

V 5 .I 

15 

Vdc 

DC Voltage 

V 2 -I 

15 

Vdc 

Peak Supply Current 

'3 

35 

mA 

Power Dissipation 

Pd 

1.2 

Watts 

Derate above T/\ = +25°C 

1/RajA 

10 

mW/°C 

Operating Ambient Temperature Range 

Ta 

-10 to +75 

°C 

Storage Temperature Range 

^stg 

-55 to +150 

0 

0 



ELECTRICAL CHARACTERISTICS (T/^ = +25°C unless otherwise noted.) 
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R1 or R2 isan external sensor 

Basic triac trigger circuit utilizing the zero crossing rletector 
and the input comparator to control triacs with gate current 
requirements to 500 mA 


le zero crossing iletector R1 or R 2 is an external sensor 

I triacs with gate current jj. tngger application using the input comparator 

to control a PNP capable of furnishing gate drive of 
approximately 0 5 A 

Suggested circuit to vary output pulse width by value 
of Rs (See Figure 4) 

R2 must be the external sensor for the internal short and open protection to be operative 


FIGURE 7 - TRIAC CONTROL CIRCUIT WITH CURRENT BOOST UTILIZING AC SUPPLY 



-T— TTT 


m| 

10k> ® 

2 

R2 : 

1 —o- MC3370P 

6 

hok> 


_ 

1 

I 


pOlpF 

120 V(RMS) 


Recommended Motorola triacs for use in circuit . 
Maximum Continuous Triac Case 

Current (A [RMS]) Family No. 

10 2N6151/2N6153 90 (Plastic) 

2N6346A/2N6349A 221-024 (Plastic) 
2N6139/2N6144 86. 250 


2N6157/2N6165 174.175. 


5k/4W for 120 Vac 
(10k/8Wfor 230 Vac) 

Zero crossing triac control circuit for gate current 
requirements to 100 mA 


2N5441/2N5446 


237.238. 
239 


















MC3370 


PIN COMPARISON OF MC3370P AND GEL300F1 (PA424/CA3059) 



• 

□ 

< 

m 

m 

n 


1 Input 

CZ 


ZJ 

Output 1 


Z]^ 



Z]B 

[Z 


1 Reference 

Ground | 


1 Collector 


GEL300F1/CA3059 



MC3370 


Input 
I nput 

Reference 

Collector 
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DUAL OPERATIONAL AMPLIFIER 
AND DUAL COMPARATOR 


The l\/IC3405/3505 contains two differential-input operational 
amplifiers and two comparators, each set capable of single supply 
operation. This operational amplifier-comparator circuit fulfills its 
applications as a general purpose product for automotive and 
consumer circuits as well as an industrial building block. 

The MC3405 is specified over the commercial operating tempera¬ 
ture range of 0 to -t70°C, while the MC3505 is specified over the 
military operating range of -55 to -t-125°C. 

• Operational Amplifiers Equivalent in 

Performance to MC3403/3503 

• Comparators Similar in Performance to LM339/139 

• Single Supply Operation; 3.0 to 36 Volts 

• Split Supply Operation; ±1.5 to ±18 Volts 

• Low Supply Current Dram 

• Operational Amplifiers Are Internally Frequency Compensated 

• Comparators TTL and CMOS Compatible 


DUAL 

OPERATIONAL AMPLIFIER 
AND 

DUAL VOLTAGE COMPARATOR 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



1 


L SUFFIX 

CERAMIC PACKAGE 
CASE 632 
TO-116 


14 



1 


P SUFFIX 

PLASTIC PACKAGE 
CASE 646 

(MC3405 only) 


ORDERING INFORMATION 


































MC3405, IVIC3505 


OPERATIONAL AMPLIFIER SECTION 

MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage—Single Supply 

Split Supplies 

Vpr 

Vcc-V eE 

36 

±18 

Vdc 

Input Differential Voltage Range 

V|DR 

±36 

Vdc 

Input Common Mode Voltage Range 

V|CR 

±18 

Vdc 

Operating Ambient Temperature Range—MC3505 

MC3405 

Ta 

-55 to + 125 

0 to +70 

“C 

Storage Temperature Range—Ceramic Package 

Plastic Package 

Tstg 

-65 to +150 
-55 to +125 

°C 

Operating Junction Temperature Range—Ceramic Package 

Plastic Package 

Tj 

175 

150 

°C 


ELECTRICAL CHARACTERISTICS (V^q = 5.0 V, = Gnd, T/\ = 25°C unless otherwise noted) 



Input Offset Voltage 


Input Offset Current 


Input Bias Current 


Large-Signal Open-Loop Voltage Gam 
(Rl = 2.0 kn) 


Power Supply Rejection Ratio 


Output Voltage Range (Note 1) 

(Rl = 10 kn. vcc = 5.o v) 

(Rl = 10 kfi, 5.0 V < Vcc < 30 V) 


Power Supply Current (Notes 2 and 3) 


Channel Separation 

f = 1.0 kHz to 20 kHz 
(Input Referenced) 


ELECTRICAL CHARACTERISTICS (Vcc = +15 V, VgE = -15 V, T^ = 25°C unless otherwise noted) 


Input Offset Voltage 

(T^ = TjQyy to ThighI (Note 4) 


Average Temperature Coefficient of 
Input Offset Voltage 


Input Offset Current 

(T/\ = T|ow 1® 1'high^ (Note 4) 


Input Bias Current 

(Ta =T|ow 10 Thigh (Note 4) 


Input Common Kdode Voltage Range 


Large Signal Open Loop Voltage Gain 

(vq = ±10 V, Rl = 2.0 kn) 

(Ta “ TjQyy to ThighI (Note 4) 


Common Mode Rejection Ratio 


Power Supply Rejection Ratio 


Output Voltage 

(RL = 10kn) ’ 

(Rl = 2.0 kn) 

(Rl = 2.0 kn, T/\ = T|ow 1° Thigh) 

(Note 4) 


Output Short-Circuit Current 


Power Supply Current (Notes 2 and 3) 


Phase Margin 


Small-Signal Bandwidth 

(Av = 1, Rl = 10 kn, Vq = 50 mV) 


Power Bandwidth 

(Ay = 1, Rl = 2.0 kn, Vq = 20 V (p-p), 
THD = 5%) 


Rise Time/Fall Time 


Overshoot (Ay = 1, Rl = 10 kn, 
Vq = 50 mV) 


Slew Rate 








NOTES: 1. Output will swing to ground 

2. Not to exceed maximum package power dissipation. 

3. For Operational Amplifier and Comparator. 


'I- Tjow = -55°C for MC3505 
= 0°C for MC3405 


Thigh = +125°C for MC3505 
= -t-TOi’C for MC3405 
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MC3405, MC3505 


COMPARATOR SECTION 

MAXIMUM RATINGS _ 

Symbol Value 

Vcc 36 

VCC- ^EE _ ^ 18 

V|DR _ ' -36 

VicR -0.3 to +36 

Uink 30 

-55 to +125 
0 to +70 

Tjtg -65 to+150 

-55 to + 125 
Tj 175 

150 


ELECTRICAL CHARACTERISTICS (Vqc = 5.0 V, Vgg = Gnd, T/\ = 25°C unless otherwise noted) 



NOTES: 1 T|ow =-55°Cfor MC3505 Thigh =+125°C for MC3505 
= 0°C for MC3405 = +70°C for IVIC3405 

2. Vq = 1.4 V, Rs = 0 n with Vqq from 5 0 Vdc to 30 Vdc, and over the input common mode range 0 to Vqc - 1.7 V. 

3. The response time specified is for a 100 mV input step with 5.0 mV overdrive. For larger signals 300 ns is typical. 


Rating 

Power Supply Voltage—Single Supply 
Split Supplies 

Input Differential Voltage Range 
Input Common Mode Voltage Range 
Sink Current 

Operating Ambient Temperature Range—MC3505 

_ MC3405 _ 

Storage Temperature Range—Ceramic Package 
Plastic Package 

Operating Junction Temperature Range—Ceramic Package 

Plastic Package 
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CIRCUIT SCHEMATIC 
(1/2 OF CIRCUIT SHOWN) 



and Comparators 


MC3405, IViC3505 











llB. INPUT BIAS CURRENT (nA) Vq, OUTPUT VOLTAGE (VOLTS pp) 


IVIC3405, IVIC3505 


OPERATIONAL AMPLIFIER SECTION 

TYPICAL PERFORMANCE CURVES 


FIGURE 1 - SINE WAVE RESPONSE 


Av = 100 


FIGURE 2 - OPEN LOOP FREQUENCY RESPONSE 
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INPUT OFFSET CURRENT INPUT OFFSET VOLTAGE 

NORMALIZED TO ZS^C NORMALIZED TO ZB^C 


MC3405, MC3505 


COMPARATOR SECTION 


TYPICAL PERFORMANCE CURVES 


FIGURE 7 - NORMALIZED INPUT OFFSET VOLTAGE 



-60 -40 -ZO 0 ZO 40 60 80 100 IZO 140 

Tft, AMBIENT TEMPERATURE (“Cl 


FIGURE 9 - NORMALIZED INPUT OFFSET CURRENT 



-60 -40 -ZO 0 ZO 40 60 80 100 IZO 140 

Ta. ambient TEMPERATURE (“Cl 


FIGURE 8 - INPUT BIAS CURRENT 



Vcc, POSITIVE SUPPLY VOLTAGE (VOLTS) 


FIGURE 10 - OUTPUT SINK CURRENT 



0 200 400 600 800 

Vql. OUTPUT VOLTAGE (mV) 


APPLICATIONS INFORMATION 


FIGURE 11 - PULSE WIDTH MODULATOR SCHEMATIC AND WAVEFDRMS 



Vee 


(a) Oscillator Square Wave Output 




Vth = jVsd + R2/R1) + Vee Vs=Vcc-Vee 
V jL = ^Vsd - R2/R1) + Vee 
O scillator Frequency 
f= 

4RfCR2 



When. Vtl < ^ ^TH 


Duty Cycle in % 


= I \ 

Wth - VtlJ 


( 100 ) 


D C 























MC3405, MC3505 


FIGURE 12 - WINDOW COMPARATOR 




FIGURE 13 - SQUELCH CIRCUIT FOR AM OR FM 


Cl C2 





High Pass Filter 


High Pass Filter 


Given Aq, Q oJq — 2frfQ 

Choose C * Cl = C2, A Convenient Value 

Calculate R2 = ^ (2Ao + 1) 

CJqC 

C3=f 

n, . ° Aq 

QoJoC(2Ao + 1) 


*=• Squelch 

R3C4 > 5 T,n Threshold Ad, 
Where is the period of v,rj 
Q = Quality Factor 
Aq “ High Frequency Gam 
cOq “ Break Frequency 


FIGURE 14 - HIGH/LOW LIMIT ALARM 


1 0 Op Amp 2 


Switched Audio Stage 


Gam of Audio Stage 


A ^ 

■ - R 



_ ., R2 + R3 

IH ^CC Ri + R2 + R3 


2 0 C Jo 01 ;uF 


Comp 2 Hi/Low 

Limit Detector 


As Shown, f = 2 2 kHz 


Vq Will Oscillate If Vm < v,, or VjL > v, 
Vq Will Be Low If ViL < v, < V|h 


FIGURE 15 - ZERO CROSSING DETECTOR WITH TEMPERATURE SENSOR 


Zero Crossing Detector 


i\t t fR4 + F 
''t = (VBEof Q1) \ -^ 


hN914 ~ 

?R2 --Vri Comp 1 


► >10 k > 6 

:R6 _1M_? 10 k I Vee 


Temp I p,g 10 

Adjust —«.S»-—i-o-T 


RI and R2 control the switching voltage 
of the zero crossing detector 


IB Comp 2 


:R7 Op Amp 2 


Temperature Sensor 



TA<Tset Vcc 


l| M 1 1 Time 



MC3405, MC3505 


FIGURE 16 - LSTTL to CMOS INTERFACE WITH HYSTERESIS FIGURE 17 - "NOR" GATE 



V|H = 1 80 V 


*The same configuration may be used with an Op Amp 
if the 3 k resistor is removed 


•The same configuration may be used with an Op Amp 
if the 3 k resistor is removed 





3423 

3523 


SpecificsLtions a^rid Applic£Ltions 


OVERVOLTAGE "CROWBAR" SENSING CIRCUIT 


These overvoltage protection circuits (OVP) protect sensitive elec¬ 
tronic circuitry from overvoltage transients or regulator failures 
when used in conjunction with an external "crowbar" SCR. They 
sense the overvoltage condition and quickly "crowbar" or short 
circuit the supply, forcing the supply into current limiting or open¬ 
ing the fuse or circuit breaker. 

The protection voltage threshold is adjustable and the MC3423/ 
3523 can be programmed for minimum duration of overvoltage 
condition before tripping, thus supplying noise immunity. 

The MC3423/3523 is essentially a "two terminal" system, there¬ 
fore it can be used with either positive or negative supplies. 


MAXIMUM RATINGS 


Rating 

Symbol 

Differential Power Supply Voltage 

Vcc-Vee 

Sense Voltage (II 

Vsense 1 

Sense Voltage (21 

Sense 2 

Remote Activation Input Voltage 

Vact 

Output Current 

'o 

Operating Ambient Temperature Range 
IVIC3423 

MC3523 

Ta 

Operating Junction Tempierature 

Plastic Package 

Ceramic Package 

Tj 

Storage Temperature Range 

"’"stg 



0 to +70 
-55 to +125 



OVERVOLTAGE 
SENSING CIRCUIT 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


PI SUFFIX 
PLASTIC PACKAGE 
CASE 626 
(IVIC3423 only) 


U SUFFIX 

CERAMIC PACKAGE 
CASE 693 



PIN CONNECTIONS 


Vcc[7 

'^Sanse 1 [ 2 
Vsente 2 [T 


8 I Output 

JJvee 

B indicator 
Output 

□ Remote 
Activation 
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MC3423, MC3523 


ELECTRICAL CHARACTERISTICS (5 V < Vcc -VeE < 3 ® V, T(o^ < Ta < Thigh unless otherwise noted.) 



Characteristic 


Supply Voltage Range 


Output Voltage 
do = 100 mA) 


Indicator Output Voltage 
('O(lnd) = 1-6 mA) 


Sense Voltage 
(Ta = 25°C) 


Temperature Coefficient of Vs^^jg i 
(Figure 2) 


Remote Activation Input Current 
(V|H = 2.0 V, Vcc-Vee = 5-0 V) 

(V|L = 0.8 V. Vcc-Vee = s.o v) 


Source Current 


Output Current Risetime 
(Ta = 25°C) 


Propagation Delay 
(Ta = 25°C) 


Supply Current 
MC3423 
MC3523 


Symbol 


Vcc-Vee 


Vo 


Votdnd) 



T|ow = for MC3523 
= 0°C for MC3423 


Thigh = +125°C for MC3523 
= +70°C for IVIC3423 



FIGURE 2-SENSE VOLTAGE TEST CIRCUIT 




Switch 1 

Switch 2 

^Sense 1 

Position A 

Closed 

^Sense 2 

Position B 

Open 


Ramp V| until output goes high; this is 
'*1’® Vsense threshold. 
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MC3423, MC3523 




np ~ ^ref *= 2 6 V 

R2 < 10 kfi for minimum drift 


For minimum value of Rq, see Figure 9 


Q1 IS 2N6504 or equivalent 
*See text for explanation 


FIGURE 4 - CIRCUIT CONFIGURATION FOR SUPPLY VOLTAGE ABOVE 36 V 



Load ^ ■ 


^trip * ^ref ^ 2 6 V 


Q1 Vs < 50 V; 2N6504 or equivalent 
Vs < 100 V, 2N6505 or equivalent 
Vs < 200 V, 2N6506 or equivalent 
Vs ^ 400 V, 2N6507 or equivalent 
Vs ^ 600 V; 2N6508 or equivalent 
Vs ^ 800 V, 2N6509 or equivalent 


FIGURE 5 - BASIC CONFIGURATION FOR PROGRAMMABLE DURATION OF 
OVERVOLTAGE CONDITION BEFORE TRIP 
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APPLICATIONS INFORMATION 


BASIC CIRCUIT CONFIGURATION 

The basic circuit configuration of the l\/IC3423/3523 
OVP is shown in Figure 3 for supply voltages from 4.5 V 
to 36 V, and in Figure 4 for trip voltages above 36 V. The 
threshold or trip voltage at which the l\/lC3423/3523 will 
trigger and supply gate drive to the crowbar SCR, Q1, is 
determined by the selection of R1 and R2. Their values 
can be determined by the equation given in Figures 3 and 
4, or by the graph shown in Figure 8. The minimum value 
of the gate current limiting resistor, Rq, is given in 
Figure 9. Using this value of Rq, the SCR, Q1, will receive 
the greatest gate current possible without damaging the 
IVIC3423/3523. If lower output currents are required, Rq 
can be increased in value. The switch, S1, shown in Figure 
3 may be used to reset the SCR crowbar. Otherwise, the 
power supply, across which the SCR is connected, must 
be shut down to reset the crowbar. If a non current- 
limited supply is used, a fuse or circuit breaker, FI, 
should be used to protect the SCR and/or the load. 

The circuit configurations shown in Figures 3 and 4 
will have a typical propogation delay of 1.0 /us. If faster 
operation is desired, pin 3 may be connected to pin 2 with 
pin 4 left floating. This will result in decreasing the propo¬ 
gation delay to approximately 0.5 ps at the expense of a 
slightly increased TC for the trip voltage value. 

CONFIGURATION FOB PROGRAMMABLE MINIMUM 
DURATION OF OVERVOLTAGE CONDITION 
BEFORE TRIPPING 

In many instances, the MC3423/3523 OVP will be used 
in a noise environment. To prevent false tripping of the 
OVP circuit by noise which would not normally harm the 
load, MC3423/3523 has a programmable delay feature. To 
implement this feature, the circuit configuration of Figure 
5 is used. In this configuration, a capacitor is connected 
from pin 3 to V^g. The value of this capacitor determines 
the minimum duration of the overvoltage condition which 
is necessary to trip the OVP. The value of C can be found 
from Figure 10. The circuit operates in the following 
manner; When Vqc above the trip point set by R1 
and R2, an internal current source (pin 4) begins charging 
the capacitor, C, connected to pin 3. If the overvoltage 
condition disappears before this occurs, the capacitor is 
discharged at a rate 2 ; 10 times faster than the charging 
rate, resetting the timing feature until the next overvoltage 
condition occurs. 

Occasionally, it is desired that immediate crowbarring 
of the supply occur when a high overvoltage condition 
occurs, while retaining the false tripping immunity of 
Figure 5. In this case, the circuit of Figure 6 can be used. 
The circuit will operate as previously described for small 
overvoltages, but will immediately trip if the power 
supply voltage exceeds Vzi -t 1.4 V. 


FIGURE 6 - CONFIGURATION FOR PROGRAMMABLE 
DURATION OF OVERVOLTAGE CONDITION BEFORE 
TRIP/WITH IMMEDIATE TRIP AT 
HIGH OVERVOLTAGES 



ADDITIONAL FEATURES 

1. Activation Indication Output 

An additional output for use as an indicator of OVP 
activation is provided by the MC3423/3523. This out¬ 
put is an open collector transistor which saturates 
when the OVP is activated. It will remain in a saturated 
state until the SCR crowbar pulls the supply voltage, 
Vcc> below 4.5 V as in Figure 5. This output can be 
used to clock an edge triggered flip-flop whose output 
inhibits or shuts down the power supply when the OVP 
trips. This reduces or eliminates the heatsinking re¬ 
quirements for the crowbar SCR. 

2. Remote Activation Input 

Another feature of the MC3423/3523 is its remote 
activation input, pin 5. If the volage on this CMOS/TTL 
compatible input is held below 0.8 V, the MC3423/ 
3523 operates normally. However, if it is raised to a 
voltage above 2.0 V, the OVP output is activated 
independent of whether or not an overvoltage con¬ 
dition is present. It should be noted that pin 5 has an 
internal pull-up current source. This feature can be 
used to accomplish an orderly and sequenced shut¬ 
down of system power supplies during a system 
fault condition. In addition, the activation indication 
output of one MC3423/3523 can be used to activate 
another MC3423/3523 if a single transistor inverter is 
used to interface the former's indication output to 
the latter's remote activation input, as shown in 
Figure 7. In this circuit, the indication output (pin 6) 
of the MC3423 on power supply 1 is used to activate 
the MC3423 associated with power supply 2. Q1 is 
any small PNP with adequate voltage rating. 
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FIGURE 7 - CIRCUIT CONFIGURATION FOR 
ACTIVATING ONE MC3523 FROM ANOTHER 



Note that both supplies have their negative output 
leads tied together (i.e., both are positive supplies). If 
their positive leads are common (two negative supplies) 
the emitter of Q1 would be moved to the positive lead 
of supply 1 and R1 would therefore have to be resized 
to deliver the appropriate drive to Q1. 

CROWBAR SCR CONSIDERATIONS 

Referring to Figure 11, it can be seen that the crowbar 
SCR, when activated, is subject to a large current surge 
from the output capacitance, Cout^- This surge current is 
illustrated in Figure 12, and can cause SCR failure or 
degradation by any one of three mechanisms: di/dt, 
absolute peak surge, or |2t. The interrelationship of these 
failure methods and the breadth of the application make 
specification of the SCR by the semiconductor manu¬ 
facturer difficult and expensive. Therefore, the designer 
must empirically determine the SCR and circuit elements 
which result in reliable and effective OVP operation. 
However, an understanding of the factors which influence 
the SCR's di/dt and surge capabilities simplifies this task. 

1. di/dt 

As the gate region of the SCR is driven on, its area 
of conduction takes a finite amount of time to grow, 
starting as a very small region and gradually spreading. 
Since the anode current flows through this turned-on 
gate region, very high current densities can occur in 
the gate region if high anode currents appear quickly 
(di/dt). This can result in immediate destruction of 
the SCR or gradual degradation of its forward blocking 
voltage capabilities - depending on the severity of the 
occasion. 

^Cout consists of the power supply output caps, the 
load's decoupling caps, and in the case of Figure 11A, the 
supply's input filter caps. 



Vt.TRIPVOLTAGEIVOLTSI 



FIGURE,10 - CAPACITANCE versus 
MINIMUM OVERVOLTAGE DURATION 
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FIGURE 11 - TYPICAL CROWBAR OVP CIRCUIT 
CONFIGURATIONS 



11B 



* Needed if supply not current limited 


FIGURE 12 - CROWBAR SCR SURGE CURRENT 
WAVEFORM 



FIGURE 13 - CIRCUIT ELEMENTS AFFECTING 
SCR SURGE & di/dt 



CROWBAR SCR SELECTION GUIDE 

As an aid in selecting an SCR for crowbar use, the 
following selection guide is presented. 


DEVICE 

■rms 

ITSM 

PACKAGE 

2N6400 Series 

16A 

160A 

TO220 Plastic 

2N6504 Series 

25A 

160 A 

TO220 Plastic 

2N1842 Series 

16A 

125 A 

Metal Stud 

2N2573 Series 

25A 

260A 

Metal TO-3 Type 

2N681 Series 

25A 

200A 

Metal Stud 

IVICR3935-1 Series 

35A 

350A 

Metal Stud 

MCR81-5 Series 

BOA 

1000A 

Metal Stud 


The value of di/dt that an SCR can safely handle is 
influenced by its construction and the characteristics 
of the gate drive signal. A center-gate-fire SCR has 
more di/dt capability than a corner-gate-fire type and 
heavily overdriving (3 to 5 times Iqt) SCR gate 
with a fast (< 1 /is) rise time signal will maximize its 
di/dt capability. A typical maximum number in phase 
control SCRs of less than 50 Arms rating might be 
200 A/jUs, assuming a gate current of five times Iqt 
and < 1 ;fs rise time. If having done this, a di/dt prob¬ 
lem is seen to still exist, the designer can also decrease 
the di/dt of the current waveform by adding induc¬ 
tance in series with the SCR, as shown in Figure 13. 
Of course, this reduces the circuit's ability to rapidly 
reduce the dc bus voltage and a tradeoff must be made 
between speedy voltage reduction and di/dt. 

2. Surge Current 

If the peak current and/or the duration of the surge 
is excessive, immediate destruction due to device 
overheating will result. The surge capability of the SCR 
is directly proportional to its die area. If the surge 
current cannot be reduced (by adding series resistance 
— see Figure 13) to a safe level which is consistent with 
the system's requirements for speedy bus voltage 
reduction, the designer must use a higher current SCR. 
This may result in the average current capability of 
the SCR exceeding the steady state current require¬ 
ments imposed by the dc power supply. 


A WORD ABOUT FUSING 

Before leaving the subject of the crowbar SCR, a few 
words about fuse protection are in order. Refering back to 
Figure 11 A, it will be seen that a fuse is necessary if the 
power supply to be protected is not output current limi¬ 
ted. This fuse is not meant to prevent SCR failure but 
rather to prevent a fire! 

In order to protect the SCR, the fuse would have to 
possess an |2t rating less than that of the SCR and yet 
have a high enough continuous current rating to survive 
normal supply output currents. In addition, it must be 
capable of successfully clearing the high short circuit 
currents from the supply. Such a fuse as this is quite 
expensive, and may not even be available. 

The usual design compromise then is to use a garden 
variety fuse (3AG or 3AB style) which cannot be relied on 
to blow before the thyristor does, and trust that if the 
SCR does fail, it will fail short circuit. In the majority of 
the designs, this will be the case, though this is difficult to 
guarantee. Of course, a sufficiently high surge will cause 
an open. These comments also apply to the fuse in Figure 
11B. 
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Specifications and Applications 
Information 


DUAL TIMING CIRCUIT 

The MC3556/MC3456 dual timing circuit is a highly stable 
controller capable of producing accurate time delays, or oscillation. 
Additional terminals are provided for triggering or resetting if desired. 
In the time delay mode of operation, the time is precisely controlled 
by one external resistor and capacitor per timer. For astable operation 
as an oscillator, the free running frequency and the duty cycle are 
both accurately controlled with two external resistors and one 
capacitor per timer. The circuit may be triggered and reset on falling 
waveforms, and the output structure can source or sink up to 200 m A 
or drive MTTL circuits. 

• Direct Replacement for NE556/SE556 Timers 

• Timing From Microseconds Through Hours 

• Operates in Both Astable and Monostable Modes 

• Adjustable Duty Cycle 

• High Current Output Can Source or Sink 200 mA 

• Output Can Drive MTTL 

• Temperature Stability of 0.005% per °C 

• Normally "On" or Normally "Off" Output 

• Dual Version of the Popular MC1555/MC1455 Timer 


FIGURE 1 -22.SECOND SOLID-STATE TIME DELAY RELAY CIRCUIT 


DUAL 

TIMING CIRCUIT 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


L SUFFIX 

CERAMIC PACKAGE 
CASE 632-02 

TO-116 |] 


Discharge A 1 


t = 1 1. R.C = 22 s 
Time delay (t) is variable 
by changing R and C (Se 
Figure 16 ) 




Threshold A h* 2 


Control A 3 


Output A 5 


Trigger A 6 


P SUFFIX 

PLASTIC PACKAGE 
CASE 646 
(MC3456 only) 


13 Discharge B 


12 Threshold B 


11 Control B 


9 Output B 


8 f" Trigger B 



FIGURE 2 - BLOCK DIAGRAM (1/2 SHOWN) 




TYPICAL APPLICATIONS 

• Time Delay Generation 

• Sequential Timing 

• Linear Sweep Generation 

• Precision Timing 

• Pulse Generation 

• Pulse Shaping 

• Missing Pulse Detection 

• Pulse Width Modulation 

• Pulse Position Modulation 
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MAXIMUM RATINGS (T/\ = +25°C unless otherwise noted.) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 


+ 18 

lEMI 

Discharge Current 

■EB 

200 


Power Dissipation (Package 
Limitation) 

Ceramic Dual-ln-Line Package 
Derate above = +25°C 

Plastic Dual In-Line Package 
Derate above T/\ = +25°C 

Pd 

1000 

6.6 

625 

5.0 

mW 

mW/°C 

mW 

mW/°C 

Operating Ambient Temperature 
Range MC3556 

MC3456 

Ta 

-55 to +125 

0 to +70 

°C 

Storage Temperature Range 

Tstg 

-65 to +150 

°C 



ELECTRICAL CHARACTERISTICS (Ta = ♦25°C, Vqc = *5 0 V to +15 V unless otherwise noted ) 


Charactaristies 

Symbol 

MC3556 

MC3456 

Unit 





Typ 


Supply Voltage 

Vcc 

■a 

- 

18 

4 5 

- 

16 

V 

Supply Current fPer timer, double for both halfs) 

'cc 







mA 

VCC'SOV, Rl'" 



30 

50 


30 

60 


Vec =■ 15 V, Ri. = “ 



10 

12 


10 

15 


Low State, (Note 1) 









Timing Error (Note 2) 









Monostable Mode 









Ra “ 20 kn to 100 kn 









Initial Accuracy C * 0 1 wP 


- 

05 

1 5 

- 

0 75 

- 

% 

Drift with Temperature 


- 

30 

100 

- 

50 

- 

PPM/®C 

Drift with Supply Voltage 


- 

0 15 

02 

- 

0 1 

- 

%/Volt 

Astable Mode 









RA = RB*20knto 100 kli 









C*001 mF 









Initial Accuracy 


- 

1 5 

- 

- 

2 25 

- 

% 

Drift with Temperature 


- 

90 

- 

- 

150 

- 

PPM/°C 

Drift with Supply Voltage 


“ 

0 15 

- 


03 

- 

%/Volt 

Threshold Voltage 

V,h 

- 

2/3 

- 

- 

BBEl 

- 

IBRRBI 

Trigger Voltage 

Vt 

■■ 






V 

Vcc* 15 V 



50 



50 

- 


VCC-60V 


Bi 

1 67 

mM 

mi 

1 67 

- 


Trigger Current 

'T 

- 

05 

- 

- 

05 

- 

uA 

Reset Voltage 

Vr 

04 

0 7 

1 0 

04. 

0 7 

1 0 

V 

Reset Current 

'r 

- 

0 1 

_ 

_ 

0 1 

- 

mA 

Threshold Current (Note 3) 

’th 

- 

0 03 

0 1 

_ 


0 1 

uA 

Control Voltage Level 

VCL 

■i 



■■ 



V 

Vcc- 15 V 



10 

104 


10 

n 


Vcc - 5 0 V 



3 33 

38 


3 33 

4 0 


Output Voltage Low 

Vql 




1^11 



■■■■ 

IVee - 15 VI 









'link ■ 10 mA 



0 1 

0 15 


01 

0 25 


Uink “ SO mA 



mm 

05 


mm 

0 75 


limk" 100 mA 




2 25 



2 75 


Wink ■ 200 mA 




- 


mm 

- 


(Vcc-50 V) 









'link -80 mA 



0 1 

0 25 


- 

- 


l«ink "50 mA 



- 

- 


0 25 

0 35 


Output Voltage High 

VOH 



|9H 



IHBIII 


^’source ■ 200 mA) 









Vcc - 15 V 



125 



125 



11 eou tee • 100 mA) 









Vcc “ 'S ^ 



133 


12 75 

133 



Vcc ■ 5 0 V 


19 

33 


2 75 

33 

Hl^l 


Toggle Rata (Figures 17, 19) 




IHH 



IIH 


Ra - 3 3 ktl, Rn - 6 8 kn, C - 0 003 iiF 

- 

- 

100 

■■ 

- 

100 

- 

kHz 

Discharge Leakage Current 

Ih.. 


20 

mm 


IBfl 

mm 

IBffiB 

Ri« Time o) Output___ 

'OLH 

_ 

100 






Fall Time of Outout 

_IQHL 


100 


_ 


_ 


Matching Characteristics Between Sections 









(Monostable) 









initial Timing Accuracy 



0 5 

1 0 


1 0 

20 

% 

Timing Drift with Temperature 



♦10 

- 


♦10 

_ 

ppm/°C 

Drift with Supply Voltage 


HB 

0 1 

0 2 

1^9 

0 2 

0 5 

%/V 


NOTES 1 Supply current when output is high is typically 7 0 mA less 3 This will determine the maximum value of R/^ + R 0 for 
2 Tested at = 5 0 V and ® 15 V 15 V operation The maximum total R * 20 megohms 
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TYPICAL CHARACTERISTICS 

(T^ = +25°C unless otherwise noted ) 


FIGURE 4-TRIGGER PULSEWIDTH FIGUhE 5 - SUPPLY CURRENT FIGURE 6-HIGH OUTPUT VOLTAGE 




0 0 1 0 2 0 3 0 4 

VT(mm), MINIMUM TRIGGER VOLTAGE 
(XVCC = Vdc) 


5 0 10 15 

Vcc, SUPPLY VOLTAGE (Vdc) 


B!S@ 

■HIS 

Biiral 

gilM 

Hssn 

Him 

■ssn 

&5iiB 

■■m 

■inn 

■■■!■ 

niH 

■■■n 

■■m 

■SImB 

■■in 


1 0 2 0 5 0 10 20 50 100 

(source(mA) 


FIGURE 7 - LOWOUTPUT VOLTAGE 
@ Vcc = 5 0 Vdc 


a u lu zu bu luu 
(SINK. (mA) 


FIGURE 8 - LOW OUTPUT VOLTAGE 
@ Vcc = 10 Vdc 




■■■I 




wm 


10 2 0 5 0 10 20 50 100 

(SINK. (mA) 


FIGURE 9 - LOW OUTPUT 
VOLTAGE @ Vcc = 15 Vdc 


■■!!■ 

■■IIHI 

SSSBSS 

Him 

Hiin 

BnE 

mmm 



■■■!■ 


■nHHij^n 

■■■■■ 



5 0 10 20 50 

ISINK.(mA) 


FIGURE 10 - DELAY TIME 
versus SUPPLY VOLTAGE 


FIGURE 11 - DELAY TIME 
versus TEMPERATURE 


FIGURE 12 - PROPAGATION DELAY 
versus TRIGGER VOLTAGE 


50 10 15 

Vcc. SUPPLY VOLTAGE (Vdc) 


-75 -50 -25 0 +25 +50 +75 +100 +125 

Ta, ambient TEMPERATURE (“O 


0 01 02 03 

VT(min), minimum TRIGGER VOLTAGE 
IX Vcc = Vdc) 
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FIGURE 13- 1/2 REPRESENTATIVE 
CIRCUIT SCHEMATIC 



GENERAL OPERATION 



The MC3556 is a dual timing circuit which uses as its 
timing elements an external resistor - capacitor network. It can 
be used in both the monostable (one-shot) and astable modes 
with frequency and duty cycle controlled by the capacitor and 
resistor values. While the timing is dependent upon the external 
passive components, the monolithic circuit provides the starting 
circuit, voltage comparison and other functions needed fora com¬ 
plete timing circuit. Internal to the integrated circuit are two 
comparators, one for the input signal and the other for capacitor 
voltage; also a flip-flop and digital output are included. The com¬ 
parator reference voltages are always a fixed ratio of the supply 
voltage thus providingoutput timing independent of supply voltage. 


Monostable Mode 

In the monostable mode, a capacitor and a single resistor are 
used for the timing network. Both the threshold terminal and the 
discharge transistor terminal are connected together in this mode, 
refer to circuit Figure 14. When the input voltage to the trigger 
comparator falls below 1/3 the comparator output triggers 
the flip-flop so that it’s output sets low. This turns the capacitor 
discharge transistor "off" and drives the digital output to the high 
state. This condition allows the capacitor to charge at an ex¬ 
ponential rate which is set by the RC time constant. When the 
capacitor voltage reaches 2/3 Vqc the threshold comparator resets 
the flip-flop. This action discharges the timing capacitor and re¬ 
turns the digital output to the low state. Once the flip-flop has 
been triggered by an input signal, it cannot be retriggered until 
the present timing period has been completed. The time that the 
output is high is given by the equation t = 1.1 R/^ C. Various 
combinations of R and C and their associated times are shown in 
Figure 16. The trigger pulse width must be less than the timing 
period. 


A reset pin is provided to discharge the capacitor thus inter¬ 
rupting the timing cycle. As long as the reset pin is low, the capaci¬ 
tor discharge transistor is turned "on" and prevents the capacitor 
from charging. While the reset voltage is applied the digital output 
will remain the same. The reset pm should be tied to the supply 
voltage when not in use. 


FIGURE 14 - MONOSTABLE CIRCUIT 
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GENERAL OPERATION (continued) 


FIGURE 15 - MONOSTABLE WAVEFORMS 



t = 50 iit/cm 

(RA= 10 kn, C = 0.01 »jF,Rl= 1.0 kn ,Vcc = is V) 



lOiis lOOpS 10 ms IQ ms 100 ms 10 10 100 

Id, TIME DELAY (s) 


Astable Mode 

In the astable mode the timer is connected so that it will 
retrigger itself and cause the capacitor voltage to oscillate between 
1/3 Vqc 2/3 Vcc- See Figure 17. 

The external capacitor charges to 2/3 Vqc through and R 0 
and discharges to 1/3 V^c through R 0 . By varying the ratio of 
these resistors the duty cycle can be varied. The charge and 
discharge times are independent of the supply voltage. 

The charge time (output high) is given by ti = 0.695 (R/^+R 0 ) C 
The discharge time (output low) by t 2 = 0.695 (R 0 ) C 
Thusthe total period is given by: T = ti + t 2 = 0.695 (Ra+ 2 R 0 ) C 
1 1.44 

The frequency of oscillation is then; f = — =- 

T (Ra+2R0)C 

and may be easily found as shown in Figure 19. 

Rfl 

The duty cycle is given by: DC =- 

Ra+2R0 

To obtain the maximum duty cycle must be as small as 
possible: but it must also be large enough to limit the discharge 
current(pin 7 current) within the maximum rating of the discharge 
transistor (200 mA). 

The minimum value of R^ is given by: 

^ Vcc (Vdc) 

I 7 (A) 0.2 


FIGURE 17 - ASTABLE CIRCUIT 



FIGURE 18 - ASTABLE WAVEFORMS 



t = 20 us/cm 

(Ra = 5.1 kSL.C = 0.01 mF, Rl= 1.0 kSl; 
R 0 = 3.9kn, Vcc = 15 V) 


FIGURE 19 - FREE-RUNNING FREQUENCY 
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APPLICATtOIMS INFORMATION 


TONE BURST GENERATOR 

For a tone burst generator the first timer is used as a 
monostable and determines the tone duration when trig¬ 
gered by a positive pulse at Pin 6. The second timer is 
enabled by the high output of the monostable. It is con¬ 
nected as an astable and determines the frequency of 
the tone. 


DUAL ASTABLE MULTIVIBRATOR 

This dual astable multivibrator provides versatility not 
available with single timer circuits. The duty cycle can be 
adjusted from 5% to 95%. The two outputs provide two 
phase clock signals often required in digital systems. It 
can also be inhibited by use of either reset terminal. 


FIGURE 20 - TONE BURST GENERATOR 




FIGURE 21 - DUAL ASTABLE MULTIVIBRATOR 



’ ' (rT;r2) C ^2 
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APPLICATIONS INFORMATION (continued) 


Pulse Width Modulation 

If the timer is triggered with a continuous pulse tram in the 
monostable mode of operation, the charge time of the capacitpr 
can be varied by changing the control voltage at pin 3. In this 
manner, the output pulse width can be modulated by applying 
a modulating signal that controls the threshold voltage. 


FIGURE 22 



FIGURE 23 - PULSE WIDTH MODULATION WAVEFORMS 
(Ra = 10 kfl, C = 0.02 pF, Vcc = 15 V) 
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Test Sequences 

Several timers can be connected to drive each other for sequen¬ 
tial timing. An example is shown in Figure 24 where the sequence 
IS started by triggering the first timer which runs for 10 ms. The 
output then switches low momentarily and starts the second timer 
which runs for 50 ms and so forth. 


Vcc (5 to 15 V) 


1 Vcc 6 Reset 


pVcC O Reset 


1/2-MC3556 
1/2 MC3456 


I I 

^s- I 

Charge^^ 
7 k I.OpF I 


charge 1/2-MC3556 
' 1/2-MC3456 

T rigger 


gger OGnd 



Dis¬ 
charge 1/2-MC3556 
’ 1/2-MC3456 

Trigger 
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NE565N 


PHASE-LOCKED LOOP 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


PHASE-LOCKED LOOP 


The NE565N is designed for general-purpose phase-locked loop 
applications to 500 kHz. 

• Stable Center Frequency — 200 ppm/°C (Typ) 

• Flexible Power Supply Range — 

±5 to ±12 Volts with Small Frequency Drift — 100 ppm/% (Typ) 

• Low Total Harmonic Distortion of Demodulator Output 

-1.5% (Max) 

• Linear Triangle Wave Output — 0.5% (Typ) 

• TTL, DTL Compatible Inputs and Outputs 

• Adjustable Hold In Range — ±1% to >±60%. 


N SUFFIX 
Plastic Package 
CASE 646 
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MAXIMUM RATINGS 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

Vcc 

±12 

Vdc 

Power Dissipation (Package Limitation) 

Pd 

8.25 

mW 

Derate above 25°C 


6.6 

mW/°C 

Operating Ambient Temperature Range 

ta 

0 to +70 

°C 

Storage Temperature Range 

Tstg 

-65 to +150 

°C 


ELECTRICAL CHARACTERISTICS (Test Circuit Figure 2, = 25°C, Vqq = +6 0 Vdc unless otherwise noted.I 


Characteristic 

Min 

Typ 

Max 

Unit 

Power Supply Current" 

- 

80 

12.5 

mA 

Input Impedance (Pins 2. 3) 

-4.0 V < V2, V3 < 0 V 

- 

5.0 

- 

kn 

Input Level Required for Tracking 

Iq = 10 kHz, ±10% Frequency Deviation 

10 

“ 


mVrms 

VCO Maximum Operating Frequency 

Co = 2 7 pF 

- 

500 

- 

kHz 

Operating Frequency Temperature Coefficient 

- 

200 

- 

ppm/°C 

Frequency Drift with Supply Voltage 

- 

200 

- 

ppm/% 

Triangle Wave Ouptut Voltage 

2 0 

24 

30 

Vp-p 

Triangle Wave Output Linearity 

- 

0 5 

- 

% 

Square Wave Output Level 

4 7 

5.4 

- 

Vp-p 

VCO Output Impedance (Pin 4) 

- 

5 0 

- 

kn 

Square Wave Duty Cycle 

40 

50 

60 

% 

Square Wave Rise Time 

- 

20 

- 

ns 

Square Wave Fall Tln^e 

- 

50 

- 

ns 

Output Current Sink (Pin 4) 

06 

1 0 

- 

mA 

VCO Sensitivity 

- 

6600 

- 

Hz/V 

Demodulated Output Voltage (Pin 7) 

fo = 10 kHz, ±10% Frequency Deviation 

200 

300 

- 

mVp-p 

Total Harmonic Distortion 

fo = 10 kHz, ±10% Frequency Deviation 

- 

0 2 

1 5 

% 

Output Impedance (Pin 7) 

- 

3.5 

- 

kn 

DC Output Voltage Level (Pm 7) 

4.0 

4.5 

5.0 

V 

Output Offset Voltage (Input = 0) 

/V7-V6/ 

- 

50 

200 

mV 

Temperature Drift of /V7-V6/ 

- 

500 

- 

pV/°C 

AM Rejection 

- 

40 

- 

dB 

Phase Detector Sensitivity Kp 

- 

0 68 

- 

V/radian 


FIGURE 2 - TEST CIRCUIT SCHEMATIC 



6-139 








































































OUTPUT VOLTAGE V7 V6(V) NORMALIZED LOCK RANGE SUPPLY CURRENT (mA) 


NE565N' 

































NE565N 


GENERAL APPLICATIONS INFORMATION 


The following formulas are useful when designing with the 
NE565N; 

1. Center Frequency- f„ ^ 

Where: fo is the frequency of the VCO without input 
signal. For Rq, Cq circuit location see Figure 2. 


2. Loop Gain - KqKdA 
Definitions: 

Kq — VCO Conversion Gain — the conversion factor 
between VCO frequency and control voltage. 
Kq = 4.12 fo (units are in radians/sec/volt) 
Example: for VCO Sensitivity @ 10 kHz (in Hz/volt) 

_ 4.12 X 104 = 6600 Hz/Volt 
^ 2 TT radians 


Kd —Phase Detector Gain Factor — the conversion 
factor between the phase detector output voltage 
and the phase difference between input and 
VCO signals. Units are in volts/radian. 


Kd = 


8.1 •A 

vcc 


Where: A = f(R6toR7) 

Hence: Kq = [f(R6-R7)] 

Vcc 


Where: Vcc is total system supply voltage, 
f(R6-R7) is internal amplifier gam (See Fig¬ 
ure 9). Vcc ■ total supply voltage to the circuit. 

Of 

3. Lock Range — fc = ± 

Vcc 

Where: fc is the range of frequencies in the area 
of fo over which the VCO, once locked to the 
input signal, will remain locked. 


FIGURE 9 - INTERNAL AMPLIFIER GAIN CHARACTERISTICS 



RESISTANCE BETWEEN Pins 6 AND 7 (kS!) 


4. Capture Range 




Where: fc is that range of frequencies around 
fo over which the loop will acquire lock with an 
input signal initially starting out of lock. 

(t = Time Constant at Pin 7) 








NE592 

SE592 


DIFFERENTIAL TWO-STAGE VIDEO AMPLIFIER 

The SE/NE592 is a monolithic, two-stage, differential output, 
wideband video amplifier. It offers fixed gains of 100 and 400 with¬ 
out external components and adjustable gains from 400 to 0 with 
one external resistor. The input stage has been designed so that with 
the addition of a few external reactive elements between the gain 
select terminals, the circuit can function as a high pass, low pass, or 
band pass filter. This feature makes the circuit ideal for use as a video 
or pulse amplifier in communications, magnetic memories, display 
and video recorder systems. The 592 is a pin-for-pin replacement for 
the MC1733. 

• 90 MHz Bandwidth 

• Adjustable Gains From 0 to 400 

• Adjustable Pass Band 

• No Frequency Compensation Required 


CERAMIC PACKAGE PLASTIC PACKAGE 



VIDEO AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



K SUFFIX 
METAL PACKAGE 
CASE 603 


G1 ^ Gam Select 


G2/\ Gain Select 


G2g Gam Select 



Gig Gain Select 
(top view) 

Pm 5 connected to case 



-55 to ■H25°C 


Metal Can 
Ceramic DIP 


































NE592,SE592 


MAXIMUM RATINGS (T^ = +25°C unless otherwise noted) 


Rating 

Symbol 

Value 

Unit 

Power Supply Voltage 

< < 
m o 
m o 

.+8 0 
- 8.0 

Volts 

Differential Input Voltages 

V|D 

±5.0 

Volts 

Common-Mode Input Voltage 

V|C 

±6 0 

Volts 

Output Current 


10 

mA 

Operating Ambient Temperature Range 

SE592 

NE592 

Ta 

-55 to +125 

0 to +70 

°C 

Operating Junction Temperature Range 

Metal and Ceramic Packages 

Plastic Package 

Tj 

175 

150 

°C 

Storage Temperature Range 

Metal and Ceramic Packagee 

Plastic Package 

’’’stg 

_ 

-65 to +150 
-55 to +725 

°C 


electrical characteristics T^ = 25°C unless otherwise noted. (Vcc = V, V/gg = -6.0 V, Vqm 0) 


Characteristic 

Symbol 

SE592 

NE592 

Units 

Min 

Typ 

Max 


Typ 

Max 

Differential Voltage Gain — Figure 3 








V/V 

(Rl = 2 kn, Bout = 3 Vp-p) 









(Gam 1, Note 1) 


300 

400 

500 

250 

400 

600 


(Gain 2, Note 2) 


90 

100 

110 

80 

100 

120 


Bandwidth — Figure 3 

BW 


■■ 





MHz 

(Gam 1, Note 1) 






40 



(Gam 1, Note 2) 



Hi 



90 



Rise Time — Figure 3 



■H 





ns 

(Gain 1, Oom •= 1 Vp-p, Note 1) 

'TLH 

_ 


_ 


105 

_ 


(Gam 2, egut = ^ Vp-p, Note 2) 

'THL 

- 

■9 

10 


4 5 

12 


Propagation Delay — Figure 3 








ns 

(Gam 1, egm = 1 Vp-p, Note 1) 

fPLH 

- 

7 5 

- 


7 5 

- 


(Gam 2, egm = 1 Vp-p, Note 21 

'PHL 

- 

60 

10 


60 

10 


Input Resistance 

Rin 







kn 

(Gam 1, Note 1) 


- 

4 0 


- 

40 



(Gam 2, Note 2) 


20 

30 


10 

30 



Input Capacitance 









(Gam 2, Note 2) 

Cin 

- 

2 0 

- 

- 

2 0 

- 

pF 

Input Offset Current (Gain 3, Note 3) — Fig. 2 

l |0 

- 

04 

3 0 

- 

04 

5 0 

mA 

Input Bias Current (Gain 3, Note 3)— Fig. 2 

>IB 

- 

90 

20 

- 

9 0 

30 

mA 

Input Noise Voltage (Gain 1 and Gam 2) 

Vn 

- 

12 

- 

- 

12 

- 

pV(rms) 

(BW = 1 kHz to 10 MHz) — Figure 1 









Input Voltage Range (Gain 2, Note 2)— Fig. 3 

V,n 

±1 0 

- 

- 

±1 0 

- 

- 

V 

Common-Mode Rejection Ratio — Figure 3 

CMRR 



imi^B 




dB 

(Gam 2, Vcm = ±1 V, f< 100 kHz) 


60 

86 


60 

86 



(Gam 2, Vcm = ±1 V, f = 5 MHz) 


- 

60 


- 

60 



Supply Voltage Rejection Ratio — Figure 2 

PSRR 







dB 

(Gam 2, A Vs= ±0 5 V) 


50 

70 

- 

50 

70 

- 


Output Offset Voltage — Figure 2 

Voo 







V 

(Gam 3, Rl = °° , Note 3) 


- 

0 35 

0.75 

- 

0 35 

0.75 


Output Common-Mode Voltage — Figure 2 

VCMO 

|||||||^■■ 


■H 

■■ 



V 

(Rl = Gain 3, Note 3) 



29 


HI 

2.9 



Output Voltage Swing — Figure 3 

Vo 







Vp-p 

(RL = 2k, Gain 2, Note 2) 


3.0 

40 

- 

3.0 

40 

- 


Output Resistance 

■'o 

- 

20 

- 

- 

20 

- 

n 

Power Supply Current — Figure 2 

•d 







mA 

(Rl = “, Gain 2, Note 2) 


- 

18 

24 

- 

18 

24 



Note 1. Gain select pins G1/\ and Gig connected together. 
Note 2. Gain select pins G2 a and G2 b connected together. 
Note 3. . All gain select pins open. 


/IQ 




















































































































NE592,SE592 


ELECTRICAL CHARACTERISTICS Ta = Thigh T|ow unless otherwise noted.* (Vcc = +6.0 Vdc, Vee = -6.0 Vdc, Vqm = 0) 


Characteristic 

Differential Voltage Gam — Figure 3 
(Rl = 2 kn, eout = 3 Vp-p) 

(Gain 1, Note 1) 

(Gain 2, Note 2) 

Input Resistance (Gain 2) _ 

Input Offset Current (Gain 3) — Figure 2 
Input Bias Current (Gain 3) — Figure 2 
Input Voltage Range (Gain 2) — Figure 3 
Common-Mode Rejection Ratio — Figure 3 
(Gam 2, Vcm = V, f < 100 kHz) 
Supply Voltage Rejection Ratio — Figure 2 

(Gain 2, A V; = ±0,5 V) _ 

Output Offset Voltage (Gam 3) — Figure 2 
Output Voltage Swing (Gam 2) — Figure 3 
Power Supply Current (Gam 2) — Figure 2 



*T|ow = 0°C for NE592, -55°C for SE592 
Thigh = +70°C for NE592, +125°C for SE592 


GENERAL TEST CIRCUITS 

FIGURE 1 



FIGURE 2 


FIGURE 3 



















































OUTPUT VOLTAGE SWING (V„„) VOLTAGE GAIN 


NE592, SE592 



1 0 20 3 0 so 10 20 30 SO 100 200 300 500 1000 

FREQUENCY (MHz) 


FIGURE 5 - GAIN 2 versus FREQUENCY 
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FIGURE 6 - OUTPUT VOLTAGE SWING AS A 
FUNCTION OF FREQUENCY 



1 0 5.0 10 50 100 500 1000 

FREQUENCY (MHz) 


FIGURE 7 - OUTPUT VOLTAGE SWING AS A FUNCTION 
OF LOAD RESISTANCE 



10 50 100 500 Ik 5k 10k 

LOAD RESISTANCE (OHMS) 


6 


FIGURE 8 - VOLTAGE GAIN AS A FUNCTION OF 
Radj RESISTANCE 




1.0 10 100 Ik 10k 100k 1M 

Radi (OHMS) 
















































NE592, SE592 


FIGURE 9 - DISK/TAPE PHASE MODULATED 
READBACK SYSTEMS 


AMPLITUDE. 

FREQUENCY- 


■fS.O V 



FIGURE 10 - DIFFERENTIATION WITH HIGH COMMON 
MODE NOISE REJECTION 

•<•6.0 V 



FOR FREQUENCY f, «1/2 w (32) C 

VQ = 1 4 X lO^C - 

dt 

FIGURE 11 - FILTER NETWORKS 


■<■6.0 V 



VQ (s) ^ 1.4 X 10 '* 
vi Is) ~ Z(s) ■<• 2rg 

1.4 X 10 ** 
~ Z(s) ■<■32 



NOTE 


to includ* 2 or approKimately 30 Ohmt 


-6.0 V 
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BUS INTERFACE 


Microprocessor Bus 

This family of devices is designed to extend the 
limited drive capabilities of today's standard 6800 and 
8080 type NMOS microprocessors. Alt devices are fabri¬ 
cated with Schottky TTL technology for high speed. 


General features include: 

• Single -(-5.0 V Power Supply Requirement 

• Three-State Logic Output 

• Low Input Loading - 200 /iA Max. 


DATA BUS EXTENDERS 

Quad, Bidirectional, with 3-State Outputs 

MC6880A/MC8T26A# - Inverting MC6889/MC8T28#- Non-inverting 






#These devices may be 
ordered by either of 
the paired numbers 


Both types 

Ta = 0 to 75°C 
Packages’ 

L Suffix - Case 620 
P Suffix — Case 648 




1 Input Current I 

'DHL 

tPLH-^PHL 

Device 

l|H 

l|L 

Output Disabled 

Leakage Current — High Logic State 

Propagation Delay Time — High to Low or 
Low to High 

Number 

mA Max 

HA Max 

pA Max 

ns Max 

MC6880A/MC8T26A 

25 

-200 

100 

14 

MC6889/MC8T28 

25 

-200 

100 

17 




BIDIRECTIONAL BUS SWITCH 

MC6881/MC3449# — For exchanging TTL level digital 
information between selected pairs of ports in a 
3-port network. 


IVI6800 CLOCK GENERATOR 

MC6875 — Provides the non-overlapping two-phase 
clock signals for M6800 MPU systems. 


Control 

{Direction) 



#This device may be 
ordered by either of 
the numbers. 

Both types: 

Ta = 0 to 70°C 
Packages: 

L Suffix — Case 620 
P Suffix — Case 648 



vcc 

MPU 01 
Reset 
MPU 02 
System Reset 
DMA/Ref Grant 
DMA/Ref Req 
Memory Clock 


VqlC = 0-3 V Max 
'^OHC ■ '^CC ~ 
foo = 2,0 MHz Typ 


MC6881/MC3449 TRUTH TABLE 


Select Control 


Vql 

® Iql ” nX 

Volts Max 

*OD 

@Vo“2.7V 
nA Max 

■iL 

@ V|l = 0.4V 
pA Max 

'IH 

@Vih- 2.7 V 
pA Max 

0.5 

25 

-200 

40 


Data Flow 

2- »3 

3- »2 
1-»3 
3-»1 

High Impedance 


'-2 

















Microprocessor Bus (continued) 




Device 

Number 

VoL 
® Iql “ 

Volts Max 

VOH 

@ Iqh “ -5.2 mA 
Volts Min 

•os 

mA Typ 

tPHL 
ns Typ 

IV1C6882A/MC3482A 

0.5 

2.4 

-80 

8.0 

IVIC6882B/IVIC3482B 

0 5 

2.4 

-80 

10 



MC6885/MC8T95#— Non-inverting 
MC6886/MC8T96#- Inverting 

Two-input Enable controls all six buffers. 



Hex, Unidirectional, with 3-State Outputs 

2 MC6887/MC8T97#— Non-inverting 

MC6888/MC8T98#- Inverting 

six buffers. Two Enable inputs, one controlling four buffers 

and the other controlling the remaining two 
buffers. 

VCC Enable 4 fT —I % — I isl Vrn 


All tour types: ,_ •/ 

Ta = 0 to 75°C ® LL 

Packages: input c [7 — 

L Suffix - Case 620 
P Suffix - Case 648 c [7 -V 


• Output F 

■ ^ 

■ n] Output E 

■ To] Input D 
■Tl Output O 


•Add Inverter for MC6886/MC8T96. 


•Add inverter for MC6888/MC8T98. 

























BUS INTERFACE (continued) 


Minicomputer Bus Transceivers and receivers for bus organized minicomputers employing 

120-ohm terminated lines. 


120 n Data Bus 



To Computer or Peripherals 


HEX RECEIVERS 

MC3437 — Hysteresis-equipped for improved noise 
immunity. DS8837 equivalent. 


16 j Vcc 

Ti] Input 1 
■T^Output 1 
■i^lnput 2 
■ T2I Output 2 
■ ^ Input 3 

- Output 3 

- Disable A 



'KRI 

@V|(r) = 4.0V 
^A Max 

Hysteresis 
Volts Min 

fPLHIR) 

@>Cl = 15 pF 
ns Max 

50 

0 5 

30 


All three devices' 

Ta = 0 to 70°C 
Packages: 

IVIC3437 

MC3438 DS8641 

L Suffix — Case 620 — J Suffix 
P Suffix - Case 648 - N Suffix 


QUAD TRANSCEIVERS 
DS8641-MC3438 

Open collector driver outputs allow 
wire-OR connection. MC3438 has 
hysteresis-equipped receiver for improved 
noise immunity (not available with DS8641). 
MC3438 is equivalent to the DS8838. 




Receiver Vl(bUS) 'BUS 
Hysteresis @ IbuS “ ® V|H(BUS)' 
Volts 50 mA 4.0 V 

Min Volts Max Max 














BUS INTERFACE (continued) 


Computer Bus 

NEW IBM 360/370 I/O INTERFACE 

Line Receivers and Drivers designed to operate compatibly. The MC75125/MC75127 Seven-Channel 
Receivers, MC75128/MC75129 Eight-Channel Receivers, and the MC3481/MC3485 Drivers meet the new 
IBM System 360/370 I/O standard requirements. 

SEVEN-CHANNEL LINE RECEIVERS 

MC75127 - Standard Vqc 

MC75125 and Ground Pinouts. 

1A 1 
2A 2 
3A 3 
4A 4 
5A 5 
6A 6 
7A 7 
Gnd a 

Logic; y = A Logic’V = A 



EIGHT-CHANNEL LINE RECEIVERS 
(To be introduced) 

MC75128 - Active-High Strobe MC75129 - Active-Low Strobe 




Input 

Device 

Resistance 

Number 

kn 


Min/Max 

MC76125/76127 

7.4/20 

MC75128/76129 

lA/20 


'IH(R) 

‘PLH 

@V|H = 3.11V 

@Cl = 

= 50 pF 

mA Max 

ns Max 

0.42 

2 

5 

0.42 

2 

5 
















BUS INTERFACE (continued) 


New IBM 360/370 I/O Interface (continued) 


QUAD LINE DRIVERS 
(To be introduced) 


MC3481 — Open emitter driver 
with individual fault flags. 


Driver 
Output A 

Fault Flag A 

Input A 

Enable AB 

Input B 

Fault Flag B 

Driver B 

Gnd 



Vcc 

Output D 
Fault Flag D 
Input D 

Enable CD 
Input C 
Fault Flag C 
Driver C 


Device 

Number 

Vqh 

@ Iqh = -59.3 mA 
Volts Max . 

MC34a 1/3485 

3.11 


Both types: 

Ta = 0 to 70OC 

Driver Output A 
Driver Output A 
Input A 
Enable ABCD 
Input B 

Packages: _ 

L Suffix - Case 620 Driver 
P Suffix - Case 648 Outputs 
Driver 
Output B 


'os* 

@ Vo = 0 
mA Max 


MC3485 — Open emitter driver 
with combined open collector 
fault flag and inverted outputs. 



Vcc 

Driver Output D 
Driver Output D 

input D 

Fault Flag 
(Open Collector) 

Input C 

Driver Output C 
Driver Output C 


<PLH 

iCl= 100 pF 
ns Typ 


Fault Protection 


GENERAL-PURPOSE I/O INTERFACE 

Line drivers and receivers designed to operate com- for general TTL system applications. The MC8T23/ 

patibly. The MC8T13/MC8T14 combination is specified MC8T24 combination is oriented toward older IBM 

360/370 system requirements. 


DUAL LINE DRIVERS 

IVIC8T13 — Open emitter driver; specified for general 
TTL systems. 

IVIC8T23 — Open emitter driver; specified to meet 
older IBM system requirements. 


TRIPLE LINE RECEIVERS 

IVICBTM — Hysteresis-equipped receiver; specified for 
general TTL systems. 

IVIC8T24 — Hysteresis-equipped receiver; specified to 
meet older IBM system requirements. 





All (our devices. Snob® 

= 0 to 75®C Input SI 

Packages Gat® 

L Suffix - Case 620 ai 

P Suffix — Case 648 

Input B 1 I 



VqH 

@ Iqh “ "^5 mA 
' Iqh ® -59.3 mA* 
Volts Max 

Ti 

3.11* 


'os <PLH 

©Vq-O @Ci.**15pF 
mA Max ns Max 


Device 

Number 

Vh(R) 

Volts Min 

>IH(R) 

® V|H{R) = 3-8 V 
®V|H(R)=3.11 V* 
mA Max 

»PLH(R) 
@Cl-15pF 
ns Max 

MC8T14 

MC8T24 

0.3 

02 

0.17 

0.17* 

30 

30 






'-6 
















BUS INTERFACE (continued) 


Instrumentation Bus 


QUAD INTERFACE TRANSCEIVERS 

These devices are designed to meet the GPIB bus specification of IEEE Standard 488-1978, for the inter¬ 
connection of Measurement Apparatus. 

MC3440AP - Three drivers with MC3441AP - Four drivers with MC3443P - Four drivers with 
common Enable input; one common Enable input. common Enable input; no 

driver without Enable. termination resistors. 

Output and _ _^ _ _ 

Ternamation I 

Gnd IT 771 rr 7n rr m 


Receiver 
Output A 


Receiver 
Output B 


Logic Gnd |8| 


_—I Receiver 
llJ Output C 

0 Driver 
Input C 


I Driver 
I Input D 

Receiver 
Output D 




MC3446AP — For low-power instruments, including 
MOS. 


Receiver 
Output A 


Driver r— 
Input A li 


Receiver 
Output B 



^ Vcc Packages Input A 

I_ „ L Suffix — Case 620 

—I Receiver a 

NoutputO P Suffix - Case 648 Data A 


MC3448A — For common Send-Receive bus; 
bidirectional. 

-- 

Send/Rec. _ 

Input A P_ I R Vcc 


L—. Driver 

[llJ Input D 


|l 2 ) E nable O 


Receiver 
Output C 


All types. 

Ta = 0 to 70°C 


Pull-Up 
Enable |T — 
nput A-B 

Bus B IT T- 


Send/Rec. 
Input B 


• Bus — Indicates 



Send/Rec. 
Input O 


-T- rn Bus D 
Pull-Up 

_JYI Enable 

Input C-D 

-X-iT| Bus C 


Send/Rec. 
Input C 


Drive 

Output Voltage 

@ IqL “ 

Volts Max 


^PHL 
(Driver or 
Receiver) 
ns Max 




















BUS INTERFACE (continued) 


Instrumentation Bus (continued) 

OCTAL LOW-POWER INTERFACE TRANSCEIVER 

These devices are designed to meet the GPIB bus specifi¬ 
cations of IEEE Standard 488-1978, for the intercon¬ 
nection of Measurement Apparatus. 

MC3447 — Open collector, 3-State 


outputs with terminations. 



All types. 

Ta = 0 to 70OC 

Packages. 

L Suffix — Case 623 
P3 Suffix - Case 724 

(Narrow) 


) Bus — Indicates 



Device 

Number 

Receiver 

Input 
Hysteresis 
mV Min 

Drive 

Output Voltage 
@ Iql - rnA; 
Volts Max 

, »PHL 
(Driver or 
Receiver) 
ns Max 


400 

0 5 

30 (D) 22 (R)* 


HIGH-CURRENT PARTY-LINE BUS TRANSCEIVERS 

Devices for industrial control and data communication. 


MC26S10 — Inverting 
l\/IC26S11 - Non-inverting 

Quad transceivers with open-collector drivers and 
PNP-buffered inputs for MOS compatibility. 


Receiver 
Output 
Driver 
Input A 

Driver 
Input B 
Receiver 
Output B 



Packages; 

L Suffix — Case 620 
P Suffix — Case 648 


Receiver 
Output C 
Driver 
Input C 


Driver 
Input D 

Receiver 
Output D 


I-9 I Bus D 

•Inverter on MC26S11 only. 


Test 

Condition 

Limits 

Vql (d) 

IqL “ 100 mA 

0.8 Volts Max 

'o (D) 

VqH = '*•5 V 

100 fiA Max 

•OKD) 

Vqc * 0 V, 

VoH -4.5 V 

too nA Max 

'iH (D) 

V|H = 2.7V 

30 fiA Max 

'IL (D) 

V|L = 0.4 V 

-0.54 mA Max 

'P (D) 

MC26S10 

15 ns Max 


MC26S11 

19 ns Max 

(R) 

Both T vpes 

15 ns Max 


7-8 












MEMORY INTERFACE AND CONTROL 


NMOS Memories to TTL Systems 

MULTIPLEXED 16-PIN RAM CONTROL 
(For 4K, 16K, and 64K Dynamic Memories) 

MC3480 — Memory Controller. Used with all three levels 
of RAM. 

The memory controller chip is designed to greatly junction with an oscillator, will also generate the neces- 

simplify the interface logic required to control popular sary signals required to insure that the dynamic me- 

16-pin 4K, 16K, or 64K dynamic NMOS RAMs in a mories are refreshed for the retention of data, 

microprocessor system such as the M6800. The con- With Schottky TTL technology for high performance, 

troller will generate, on command from the micro- and high input impedance for minimum loading of the 

processor, the proper RAS and timing signals required to MPU bus, the MC3480 reduces package count, and 

successfully transfer data between the microprocessor reduces system access/cycle times by 30%. The chip 

and the NMOS memories. The controller, in con- enable allows expansion to larger-word capacity. 



MC t112 t3 t4 ts Ta 0 70°C 


Packages: 

Designed to interface directly with MC3232A or LSuffix—Case 623 

MC3242A address/multiplexers/refresh counters. ^ Suffix - Case 649 


T n 






MEMORY INTERFACE and CONTROL (continued) 


NMOS Memories to TTL Systems (continued) 

Multiplexed 16-Pin RAM Control (continued) 

(For 4K, 16K, and 64K Dynamic Memories) 

MC3232A — 6-Bit (4K RAM) Address Multiplexer/Refresh Counter 
MC3242A - 7-Bit (16K RAM) Address Multiplexer/Refresh Counter 
MC3482A/B — 8-Bit Address Multiplexer (See Microprocessor Bus Section) 

MC3232A — Designed for multiplexing 12 address MC3242A — Designed for multiplexing 14 address lines 

lines into 6 for the 16-pin multiplexed 4K RAMs, while into 7 for the 16-pin multiplexed 16K RAMs, while 

also containing a 6-bit refresh counter. also containing a 7-bit refresh counter. 


Count [Tj 
Ref En [T 
A1 [T 

d 

A2 [T 
A8 (T 
AO [T 
A6 [T 

56 [I 
02 []£ 
oi d 

Gnd [22. 


231 Row En 
2^ AB 
TT] All 
2^ A4 
d A10 
dl A3 
TT] A9 
2®] 03 

d ^ 

TTI 05 
^ CE 


Both types: 

Ta = 0 to 750 c 

Packages; 

MC3232A - L Suffix - Case 623 
P Suffix — Case 649 

MC3242A - L Suffix - Case 733 
P Suffix — Case 710 


Count d 


28 

< 

0 

0 

Ref En 1 2 



A6 

Row En 1 3 


26 

A13 

N.C. [T 


d 

to 

< 

A1 1 5 


24 

A12 

AS 1 6 


23 

A4 

A2 H' 


22 

All 

A9 fS 


il 

A3 

AO 1 9 


20 

> 

0 

A7 110 


19 

08 

06 In 


is 

03 

02 il2 


17 

o3 

01 il3 


16 

OS 

Gnd d 


15 

CE 



MC3232A 

All 

A5 


12 

T otal 
Address 
Lines 


A6 


AO 









MEMORY INTERFACE AND CONTROL (continued) 


NMOS Memories to TTL Systems (continued) 


BUS EXTENSION 
(See Microprocessor Bus) 


Data Bus (Bidirectional) Extenders 

MC6880A/MC8T26A — Inverting 
MC6889/MC8T28A — Non-inverting 

Address Bus (Unidirectional) Extenders 

MC6885/MC8T95 — Hex Non-inverting 
MC6886/IVIC8T96 — Hex Inverting 


MC6887/MC8T97 — Hex Non-inverting 
MC6888/MC8T98 — Hex Inverting 
IVIC6882A/MC3482A — Octal Inverting 
MC6882B/MC3482B — Octal Non-inverting 

Bus Switches 

MC3449 — Triple Bidirectional 


DATA AND ADDRESS LINE DRIVERS 
(Low Level) 

MC3459 — Quad Address Line Driver 


Input r- 
1A LL 

Input nr 
2A Li 

Output 



Ta = 0 to 70OC 
Packages; 

L Suffix — Case 632 
P Suffix — Case 646 


12^ Input 
__J 20 

Output I I 

D Device Vqh @ 'OH Vql @ Iql | ® ^L 

Input Number Volts Min mA Volts Max mA 


Input MC3459 
2C I__ 


High fan-out capability 


CLOCK AND CHIP ENABLE LINE DRIVERS 
(High Level) 

MC3245 - Quad Clock Drivers MC75365 - Quad Clock Driver or MMH0026 1 
with Refresh Select Logic High-Current NAND Gate MMH0026C J “ 


''DDI 
Output A 


Enable 1 
Refresh 
Select 
Channel 
Select B 
Output B 



''CC Vcc2[T 

Output D Output A (T 

Channel , . , . i— 

_ Input IAI3 

Select D 

Enable 3 input 2 ab [X 

Enable 2 input 3 Ab[F 

Channel , . , o fS" 

_ Input 1816 

Select C 

Output C Output bIV 



iDVcci nc^L 

^Output D Input A [T 
Input D VeE [T 

Input 3CD . ^ n nrl 


_8J NC 
~7~| Output A 

lH Vcc 

5 I Output B 


Input 2CD ^-/ 

(Pin Connections for U or PI Package) 
^ Input 1C T^: 

MMH0026 --55to125°C 
2^ Output C MMH0026C-0 to 70°C 


|10} Output C 
3 ''CC3 


Ta = 0 to 70°C 
Packages: 

L Suffix — Case 620 
P Suffix — Case 648 


Ta = 0 to 70°C 
Packages: 

L Suffix — Case 620 
P Suffix — Case 648 


Packages 

G Suffix — Case 601 
L Suffix — Case 632 
U Suffix — Case 693 
PI Suffix - Case 626 (For 

MMH0026C only) 


Device 

Number 

VOH 
Volts Min 

@ 'OH 

mA 

Vql 

Volts Max 

@ 'OL 
mA 

‘DHL 
ns Max 

® pF 

Feature 

MC3245 

Vdd-05 

- 1.0 

0 45 

5 0 

32 

2 50 

Does not require second high voltage 
supply. Low input loading. 

MC75365 

VcC2 " 

-0.1 

0 3 

10 

18 

200 

Derives Vqqi power from TTL 5-V 
supply, and Vqq 2 ^CC3 V3S 

and Vb 0 supplies from NMOS memories. 

IVIMH0026 

MMH0026C 

Vc - 1.0 

mg 

Vee + 1.0 

2 4V 

12 

1000 

For very high capacitance loads. 





































MEMORY INTERFACE and CONTROL (continued) 


NMOS Memories to MECL Systems 


DRIVER/TRAIMSLATORS 


MECL-to-MOS driver/translators convert standard memory systems. The MC75368 may also be used as 

MECL 10,000 input signals to suitable levels for NMOS positive logic NOR or non-inverting gates. 


MC75368 — Dual Clock Line Drivers suitable for driving 
address, control, and timing inputs. 



Maximum Supply Voltage: 
MC75368 = 18 V 

Ta = 0 to 70OC 

Packages. 

L Suffix — Case 632 
P Suffix — Case 646 


Device 

Number 

VOH g, IQH 

Volts Min mA 

VqL g, 'OL 
Volts Max mA 

tDHL ^ Cl 
ns Max pF 

MC75368 

Vcc2 - 0-3 0.1 

0.3 10 

26 300 


SENSE AMPLIFIER 


MC3461L — Dual Sense Amplifier with MECL 10,000- 
compatible control inputs and complementary, 
open-emitter outputs. Designed for 7001 and 2105 
type NMOS IK RAMs. 


'th 

mA Max 

tpD (Amplifier) 
ns Max 

tpD (Enable) 
ns Max 

±200 

10 



Ta = 0 to 75.°C 
Package: 

Case 620 


Outputs A 
Enable 



Reference 

Gnd 


Outputs B 
Enable 


Input 

2B 

Ampl. Input 
Termination 

(Rj) 

Vcc 

(+7.5 V) 
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MEMORY INTERFACE and CONTROL (continued) 


Magnetic Memories to TTL Systems 



SENSE AMPLIFIERS 

... for Magnetic Tape Memories 


TAPE AMPLIFIER SYSTEM 



Electronic Gam 
Control 


NRZI/0 
Code Select 


A two-component preamplifier/amplifier combination 
that provides the interface between magnetic tape heads 
and digital logic. Suitable for both open reel and car¬ 
tridge tape systems. Triple preamp has individually ad¬ 
justable gain controls. LSI Read Amplifier performs 
peak detection and threshold detection functions, as 
required for NRZI/phase encoded recording formats. 


MC3467 — Triple Preamplifier 


MC3468 — Read Amplifier 



Channel Select 
(A or B) 
Threshold Amplifier 
Input A 
Threshold Amplifier 
inverting Input 
Threshold Amplifier 
Input B 


Both types: 

Ta = 0 to 70OC 
Packages. 

L Suffix - Case 726 
P Suffix - Case 701 



vcc 

Threshold Detector 
Output TD 
Threshold 
Level Input 


Differentiation 

Components 


Gain State 
Output. 

VpE 


... for Plated Wire and Thin-Film Memories 
and other low-level sensing applications. 

MC1544-Ta = -55 to 
MC1444 -TA = 0to 70^0 

Features 4-channel input with decoded channel 
selection and strobed output capability. 


Packages* 

MC1544/MC1444 

L Suffix — Case 620 


Device 

Vth 

Vqh 

@ IqH “ -400 mA 

Vql 

@1 If)! = 10 mA 

tPD 

Number 

mV 

Volts Min 

Volts Max 

ns Max 

MCI 544 

0.5 to 1.5 

2.4 

0.5 

25 

MC1444 

0.3 to 2.3 

2.4 

0.5 

25 


Inputs 
Channel C 


Inputs 
Channel D 



inputs 
Channel B 


-9 ) Inpui 

—^ I Chan 

^j'Chan 


nputs 
Channel A 


__ Capacitor 

UJ Restore 
Input 
^ Ground 






MEMORY INTERFACE and CONTROL (continued) 


Magnetic Memories to TTL Systems (continued) 


FLOPPY DISK READ AMPLIFIER SYSTEM 


1VIC3470 — Designed as a monolithic READ Amplifier 
System for obtaining digital information from floppy 
disk storage. It is designed to accept the differential ac 
signal produced by the magnetic head and produce a 
digital output pulse that corresponds to each peak of the 
input signal. The gain stage amplifies the input wave¬ 
form and applies it to an external filter network, enabling 
the active differentiator and time domain filter to 
produce the desired output. It combines all the active 
circuitry to perform the floppy disk READ amplifier 
function in one circuit, and is guaranteed to have a 
maximum peak shift of 5.0%, adjustable to zero. 

Ta = 0 to 70OC 
Package. 

P Suffix “ Case 701 


Offset 

Decoupling 


One Shot 
Components 


One Shot 
Components 



T 5j I Active 
- D ifferent 
I Inputs 


5.0 V 12 V 


_ 1 -, _ 


171 "I14 

ro-i (-0^ 

^ 1 Filter I 
-0-1 ^ 

161 _ ^15 


12 i Ai3 

Differentiator 

Network 


Gen. I Shot I Flop ! Gen. 
I I 


Time Domair 
Filter 


ill , it: 

6 i i7 8 i ia 


CORE DRIVER 


MC55325 - Ta = -55 to 125^0 
MC75325 - Ta = 0 to 70^0 

Contains two source switches and two sink switches. 
Source and sink selection is determined by one of 
two logic inputs, and turn-on is determined by the 
appropriate strobe. 

Packages. 

L Suffix — Case 620 
P Suffix - Case 648 (MC75325 only) 


Source 

CoHector* 


Device 

Number 

Ysat 

® Isink ^source “ 

Volts Max 

•off 

@ Vcc2 = 24 V 
pA Max 

*PLH 
(Source) 
ns Max 

'PLH 
(Sink) 
ns Max 

IVIC55325 

MC75325 

0.70 

0.75 

150 

200 

50 

50 

45 

45 










COMPUTER AND TERMINAL INTERFACE 


Voltage Mode 


LINE DRIVERS AND RECEIVERS 
for IVIodem/Terminai Applications 


RS-232C SPECIFICATION 


DRIVER 

MC1488 — Quad; output current limiting. 



RECEIVERS 


MC1489 - Quad; 0.25 V input hysteresis. 
MC1489A - Quad; 1.1 V input hysteresis. 


All devices: 

Ta = 0 to 70°C 
Package: 

L Suffix — Case 632 



VOH VoL tpHL 

'Vcc/VeE = ± 90 V @Vcc/VEE = t 9 . 0 V Iqs @Cl = 15 pf 1 
Volts Min Volts Max mA ns Max 


Device Input V|HL Input V|lh @ Rl = 390 « 


Number 


MC1489 



VOH 

VoL 

^ODlDifferential) 


@ InH = 50 mA 

® Iql “ 48 mA 

@ Rl = 100 n 

tPLH/tPHL 

Volts Min 

Volts Max 

Volts Min 

ns Typ 


VtHCDI 
''lCM = ±7t 
Volts Max 


■id 

>V|D = ±10V 


tpHL/tPLH 
ns Typ 

tp(Control) 
ns Typ 

20/25 

25 




























COMPUTER AND TERMINAL INTERFACE (continued) 


Line Drivers and Receivers for Modem/Terminal Applications (continued) 

Differential Current Mode 


DRIVERS 

MC75S110 - Dual; industry standard. 


RECEIVERS 

MC75107/MC55107 - Dual; active pullup output. 
MC75108/MC55108 — Dual; open collector output. 


Outputs 

Vcc 1 Z * 


Inputs Output Strobe 

Vee 2A 2B NC 2Y 2G 


BDIDlDfDiDlOia! 



_ . . 

IDiDiDiDiDiDiDi 


1A IB 1C 2C 2A 2S Gnd 
Logic Inhibit Logic 

Inputs Inputs Inputs 


Ta = 0 to 70°C 

(MC75xxx) 

-55 to 125°C 
(MC55XXX) 

Packages: 

L Suffix — Case 632 
P Suffix — Case 646 
{MC75XXX only) 



Inputs NC Output Strobe Strobe Gnd 

1A IB 1Y 1G S 


MC3453 - Quad; common inhibit input; current sink MC3450 — Quad; active pullup outputs; common three- 
approximately 12 mA. state enable. 

MC3452 - Quad; open collector outputs. 


Y 1_2 
Output A 

z [7 

2 [4 

Output C 

y [5 

Inhibit 

Input C [T 

Gnd [e 


13 '^CC 

Tsl Input B 

[3 Y 

Output B 

iH 2 All three devices: 

—, Ta = 0 to 70°C 

^ z ^ 

Output O PBCkBgSS* 
n] Y L Suffix — Case 620 

P Suffix — Case 648 

Input O 

I] Vee 


Output A • 
Strobe ^ ■ 
Output C 


■ ^ Output C 
3 Vee 

- ^ Output D 

■ Tol + 


BOTH DRIVERS 


io (on) 
mA Min 

•O (off) 
mA Max 

fPHL 
ns Max 

6.5 

100 

15 


Input Vth 
mV Max 

■iH 

@V|d = 0.5 V 
pA Max 

l|L 

@V|d-- 2.0V 
pA Max 

tPLH 
ns Max 

±25 

75 

-10 

25 








PERIPHERAL INTERFACE 


Dual Drivers 

... for relays, lamps, and other peripherals requiring more power than generally available from logic gates. 


Representative Diagrams 

MC754XX Series MCI 47x Series MC75450 - Similar to MC75451, but with uncommitted 


Vcc 2B 2A 2V 


output transistors. 



1A 1B IV Gnd 

(MC75451/MC75461) 



(MC1472) 


Logic gates vary to provide output shown 


Logic Output 

(Including I I I 70 v 

Transistor Inversion) 30 V 30 V 35 V Hi-Z Input 



’Same as equivalent MC types, but with guaranteed switching limits. 


Vcc 2A ;y 26 2C 26 Ural 

i« U'3 LJi2LJ'’L1'o1J 9 U 8 



All Devices 

Ta = 0 to 70°C 
Packaging: 

MC75450 

L Suffix — Case 632 
P Suffix — Case 646 
MC75451-54/MC75461 -64 
P Suffix — Case 626 
U Suffix — Case 693 
MC1472 

PI Suffix - Case 626 
U Suffix — Case 693 


Driver Arrays 


... Seven Darlington transistors with output clamp 
diodes. 


Device 

Number 

Appitcatfon 

Input Element 

MC1411 

General Purpose 

Basic 

MC1412 

14-25 V PMOS 

Zener and Senes 10 5 kU 



resistor 

MC1413 

5 V CMOS or TTL 

Series 2 7 kU resistor 

MC1416 

8-18 V MOS 

Series 10 5 k$2 resistor 


All Types: 

VMax = 50 V 
•Max = 500 mA 
Ta = 0 to 85°C 
Packages: 

L Suffix — Case 620 
P Suffix — Case 648 




Dual Receiver 


MC75140P1 — Dual single-ended receiver with common 
strobe and reference inputs for maximizing noise 
immunity. Useful for bus-organized (party line) 
TTL systems. 


vth 

VRef 

tPLH(L) 

±100 V 

1.5 to 3.5 V 

35 ns 


Ta = 0 to 70°C 
Package — Case 626 


Output Re^ Line 
2 Input Input 2 



Output Strobe Line Gnd 
1 input Input 1 

















... for mating multiplexed LED or gas discharge numeric displays to MOS or TTL logic systems. 


LED Drivers for Common-Cathode Displays 


MC75491 - Quad segment driver 


MC75492 - Hex digit driver 


Input 1 
Emitter 1 
Collector 1 
Gnd 
Collector 2 
Emitter 2 
I nput 2 



Input 4 
Emitter 4 
Collector 4 

Collector 3 
Emitter 3 
Input 3 


Both Devices: 

Ta = 0 to 70°C 
Packages: 

L Suffix — Case 632 
P Suffix — Case 646 


Output 1 
Output 2 
Input 2 
Gnd 
I nput 3 
Output 3 
Output 4 



Input 1 
Output 6 
Input 6 

'^ss 

Input 5 
Output 5 
(nput 4 


Device 

>1 

@ V| = 10 V 

Vql 

© 'OL 

Vss 

Number 

mA Max 

Volts Max 

mA 

Volts Max 

MC76491 

3.3 

1.2 

250 

10 

MC75492 

3.3 

1.2 

50 

10 


Gas Discharge Drivers 


MC3491 

MC3492 


— Eight segment cathode drivers with 
programmable current. 


MC3490 - High Level 
MC3494 - Low Level 

Seven digit anode drivers 


Programming 

Current 



Output 1 
Output 2 
Output 3 
Output 4 ^ 

Output 5 
Output 6 
Output 7 
Output 8 
Substrate (Gnd) 


All Devices' 

Ta = 0 to 70°C 


Package: P Suffix — Case 701 



Output 

Breakdown 

Current 

Deviation 

Output Voltage 
Compliance 

Device 

ON Current 

Voltage 

(All 8 Outputs) 

Range 

Number 

mA Max 

Volts Min 

% Max 

Volts 

MC3491 

1.85 

80 

10 

5.0 to 50 

MC3492 

5.25 

80 

10 

5.0 to 50 



•Inverter on MC3494 only. 
Package: P Suffix — Case 648 


Device 

Number 

Breakdown 
Voltage 
Volts Min 

Input Voltage 
(OFF-State) 
Volts 

Input Voltage 
(ON-State) 
Volts 

Input 
Current 
mA Max 

MC3490 

MC3494 

48 

48 

-5.0 Min 

-2.0 Max 

-2.0 Max 
-5.0 Min 

450 

-350 
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Low-cost building blocks for construction of D-A/ 
A-D systems. Involves use of advanced technologies 
such as ion implantation, laser trimming and CMOS 


processing where necessary to achieve the required 
functional capability, operating accuracy and production 
repeatability. 


D-A Converters — General Purpose 


-10-Bit - 

-8-Bit- 

-6-Bit-H 


A1 A2 A3A4A5A6A7 A8A9A10 
?????????? 


Multiplying D-A converters designed to supply an 
output current that is a linear product of an analog input 
reference voltage and a digital input word. Devices for 
6-, 8- and 10-bit digital word inputs are available. 


Ladder Terminators 
and 

Trimming Networks 




I 


Bias 

Circuitry 


VgE Compen. Gnd 
Dotted terminals available 
on 6- and 8-bIt units only. 


Device Error 
Number % Max 



•o 

@ VRef = 

^Settling 2V 

nsTyp mA Suffix Case 


l EEB—— 
IITTII 

llBMgWjCT gmicH 


120 

150 

1 9 to 2.1 






170 

300 

1.9 to 2.1 











•Ta * -55 to 125®C, 

Devices without asterisk * 0 to 70®C. 


D-A Converters — High Speed 


MC10318 — A high speed 8-bit D/A converter capable of data conversion 
rates in excess of 25 MHz. It is intended for applications in high speed 
instrumentation and communication equipment, display processing, storage 
oscilloscopes, radar processing, and TV broadcast systems. The inputs are 
compatible with MECL 10,000 series logic, while the complementary current 
outputs have 51 mA full scale capability. 8-bit accurate (± 1/2 LSB) and 
monotonic over the full temperature range, the outputs typically settle in less 
than 15 ns. 

Ta = 0 to 70OC 
Packages: 

L Suffix - Case 620/690 



H?) V,ef+ 
|lTi Comp 
V,ef- 

^ VpF 



MC10318L 

MC10318L9 


^Settling 

nsTyp 

'o 'o 

@ VRef = 10.56 V 
mA Typ 

15 

51 

16 

51 


7_iQ 















































PRECISION CIRCUITS - DATA CONVERSION (continued) 


A-D Subsystems 

2-Chip A-D Converter System Functional Diagram 



These devices are relatively complex 
subsystems. The bipolar, dual-ramp A-D 
converter has up to 4-1/2-digit conversion 
capability. The CMOS logic subsystem 
specifically adapts the A-D converter to a 
3-1/2-digit DVM function. 




MCI 505/1405 — A-D Converter 


MC1505L-TA = -55to125°C - Case 620 
MC1405L - Ta = 0 to 70°C - Case 620 


Linearity 
Error 
% Max 

Voltage 

Reference 

Volts 

±0.05 

1.15 to 1.35 


MC14435 — Digital Logic 

(See CMOS Data Book for data.) 


Temperature 
Coefficient 
of Reference 
%I°C 


Ice 

I Vec = 5.0 V 
mA Max 


MCI 443 5E F L/EV L* - Ta = - 55 to 125°C - Case 620 
MC14435FL/VL* - Ta =-40 to 85°C -Case 620 

MC14435FP/VP* - Ta =-40 to 85°C -Case 648 


IQL lOL 'OL 

I*C(quiescent) @ Vdd " 5.0 V @V0d“5.OV @ Vdq » 5.0 V 
@ Vqq ° 5.0 V (Digit Selects) (BCD Outputs) (All Outputs) 
mW Max mA Min mA Min mA Min 


•MC14435EFL/FL/FP: Vqd = 3.0 to 18 Vdc 
MC14435EVL/VL/VP: Vqd = 3.0 to 6.0 Vdc 




VOLTAGE REFERENCES 


Precision Low-Voltage 
References 

MC1403/MC1503 


A family of precision low-voltage bandgap voltage 
reference, these devices are designed for applications 
requiring low temperature drift. 



Packages: 

U Suffix — Case 693 


MCI 404/MCI 504 


Low Temperature Drift, Low Voltage Reference 


vin Li 
Vtemp ^ 
Gnd F 


4.5«:V|<15V/ V|n-Vout+ 
1SV<V|<40V 2.5 V to 40 V 




Regioad 

0.0 mA 

Io<10 mA 
mV Max 

Ta 

oc 

10 

0 to +70 


-6B to +126 

10 

0 to +70 


-65 to+126 

10 

0 to +70 


-56 to >125 

10 

0 to +70 


-66 to +126 

































































VOLTAGE COMPARATORS 


General Purpose Comparators 


. . . for detecting the polarity relationship between two 
analog levels and giving a corresponding TTL output. 


MC1710 -Ta =-55 to 1250 c 
MC1710C-TA = 0to 70OC 
Single comparators 


MC1711 -Ta =-55 to 1250 c 
MC1711C-TA = 0to 70OC 

Dual comparators with strobes and wire-ORed 
outputs 


Gnd 

Non Inv 
Input 
I n V 
Input 



Packages: 

G Suffix - Case 601 (MCI710) 

G Suffix - Case 603 (MCI711) Inputsi 
C L Suffix - Case 632 

P Suffix — Case 646 (for E E 

VcC MC1710C,MC1711Conly) 


(Pin Connections 
for L or P Package) 



14 I NC 

' Strobe 1 
Gnd 

'^CC 
Output 
Strobe 2 
NC 


‘Connected to pin 6 via the substrate on 
some plastic units. 


‘Connected to pin 4 via the substrate on 
some plastic units. 


IVIC1514 -Ta = -55 to 1250c 
IVIC1414-TA = 0to 70OC 

Dual comparators with strobes. 



Device 

Number 

V|0 

mV Max 

■iB 

mA Max 

A VOL 

V/V Min 

MC1710C 

5.0 

25 

1000 

MC1710 

2.0 

20 

1250 

MC1711C 

5.0 

100 

700 

MC1711 

3.5 

75 

700 

MC1514 

2.0 

20 

1250 

MC1414 

5.0 

25 

1000 


Packages: 

L Suffix — Case 632 
P Suffix - Case 646 (MCI414 only) 
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VOLTAGE COMPARATORS (continued) 


Precision Comparators 


. . . featuring low input loading, high voltage gain, and a 
choice of either dual or single positive power supply 
operation. 


LM111 -TA = -55to 1250 c 
LM211 -TA = -25to850C 
LM311 -TA = 0to 70OC 

Single comparators: high gain, high input imped¬ 
ance; strobe and balance inputs provided. 


Gnd 1C Da Vcc 

, 2 C-pv.. rD 7 Output 

Inputs _ L y~‘ ^ 

3 D 6 Balance/Strobe 

Vgg 4 q; 3 5 Balance 

(Pin Connections for J-8 or N Package) 
Packages: 

H Suffix — Case 601 
J-8 Suffix — Case 693 
J Suffix — Case 632 
N Suffix-Case 626 {LM311 only) 


Device 

Number 

V|0 

mV Max 

<IB 

nA Max 

VqL 

® Iql “ "’A 

Volts Max 

LM111 

3.0 

100 

1.5 

LM 211 

3.0 

100 

1.5 

LIVI311 

7.5 

250 

1.5 


Quad Comparators ... 


for applications requiring multiple comparators. 


MC3430 1 , 

17103431 I " High-speed quad comparators with three- 
‘ state Enable common to all four devices; 
±5 volt supply; Ta = 0 to 70°C. 


MC3432 1 „ ^ 

MC3433 I ~ comparators with open collector 

' outputs, common strobe input; ±5 volt 
supply; Ta = 0 to 70°C. 


LM139 

LM139A 

MC3302 ' 
LM2901 
LM239 
LM239A, 

LM339 1 
LM339A 


Ta = -55 to 1250 c 


. Ta = -40 to 850C 


Ta = 0 to 70OC 


Single supply voltage comparators. 



Packages: 

L Suffix — Case 620 
P Suffix — Case 648 


Packages: 

J Suffix — Case 632 
N Suffix — Case 646 (For 

all devices except 
LM139, LM139A) 



Device 

Number 

V|S 

mV Max 

<IB 

mA Max 

fPHL 
ns Max 

MC3430 

± 6.0 

20 

45 

MC3431 

± 10 

20 

45 

MC3432 

± 6.0 

20 

50 

MC3433 

± 10 

20 

50 


Device 

Number 

V|0 
© 25°C 
mV Max 

■iB 

© 250 c 

nA Max 

Uink 

© Vql = 500 mV 
mA Min 

Vql 

@ 'OL ” 2-5 niA* 

© Iql “ 3.0 mA** 
© Iql “ 4.0 mA 
mV Max 

MC3302 

20 

1000 

- 

400* 

LM2901 

7 0 

250 

6 0 

400* • 

LM139 

5.0 

100 

6.0 

500 

LM139A 

2.0 

100 

6.0 

500 

LM239 

5.0 

250 

6.0 

500 

LM239A 

2.0 

250 

6.0 

500 

LM339 

5.0 

250 

6.0 

500 

LIVI339A 

2.0 

250 

6.0 

500 








COMMUNICATION INTERFACE (Telephony) 


Crosspoint Switch 

MC3416 — Low-cost solid-state crosspoint switch 
offers important advantages in modern telephone 
exchanges employing space-division switching. 
Features 4x4 two-wire monolithic structure for 
PABX applications. Select inputs are both CMOS 
and TTL compatible. 

Ta = 0 to 70°C 
Packages: 

P Suffix — Case 649 
L Suffix — Case 623 


•"off •'on S'^AK 

iVak = 10V @lAK = 20mA BVka 
MSt Min Ohms Max Volts Min 


Vak 

i Iak = 20 mA 
Volts Max 


1.1 



Voice Encoding/ Decoding 

Simplified voice encoding/decoding using continuous 
Variable Slope Delta Modulator (CVSD) technique. 

MC3417/MC3517 — 3-bit algorithm; for military secure 
communication and general-purpose low- 
sampling rate applications. 

MC3418/MC3518 - 4-bit algorithm; telephone quality. 


Ta = 0 to 70°C - MC3417/MC3418 
= -55 to •H250C - MC3517/MC3518 


Packages: 

L Suffix — Case 620 
P Suffix — Case 648 


Device 

N umber 

Sample Rate 
Samples/s 
Tvp 

Total Loop 
Offset Voltage 
mV Max 

tpD, Clock Trigger 
to Output 

MS Max 

MC3417/MC3517 

MC3418/MC3518 

16 k 

38 k 

±5.0 

±2.0 

2.5 

2.5 



CVSD Encoder 

Clock 


CVSD Decoder 



Digital Digital 
Out In 
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COMMUNICATION INTERFACE (Telephony) (continued) 

Digital Voice Channel 

SUBSCRIBER LOOP INTERFACE CIRCUIT 


MC3419/MC3519 — Designed to replace the hybrid 
transformer in Class 5, PBAX and Subscriber Carrier 
Equipment, this circuit provides signal separation for 
two-wire differential to four-wire single-ended conver¬ 
sions and suppression of longitudinal signals at the two- 
wire input. The transhybrid gain is externally selected 


Ta = 0 to 70OC - MC3419 
= -40 to -rSBOC - MC3519 


and provides dc line current for powering the telset. It 
operates from up to a 60 V supply. On-hook power is 
below 5 mW and current sensing outputs are provided 
for off-hook status from both tip and ring leads. It 
offers size and weight reduction over present approaches 
and is compatible with IEEE and REA specifications. 


Packages: 

L Suffix — Case 726 
P Suffix — Case 701 
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CASE OUTLINE DIMENSIONS 


The packaging availability for each device type is indicated on the individual data sheets 
and the Selector Guide. All of the outline dimensions for the packages are given in this 
section. 

The maximum power consumption an integrated circuit can tolerate at a given operating 
ambient temperature can be found from the equation; 

_ Tj(max) ~ Ta 
Pd(Ta)- R0jA(Typ) 

where; Pd(Ta) ~ Power Dissipation allowable at a given operating ambient temperature. 

This must be greater than the sum of the products of the supply voltages 
and supply currents at the worst case operating condition. 

Tj{max) “ Maximum Operating Junction Temperature as listed in the Maximum 
Ratings Section. See individual data sheets for Tj(max) information. 

Ta = Maximum Desired Operating Ambient Temperature 
R0JA(Typ) “ Typical Thermal Resistance Junction to Ambient 
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CASE 603 


R0JA = 160° C/W 



r °~i _ 

twfiT 


—(U-D 




_ a MDiHnoiii 

liMB iiiitiai Miiiiiaiigil 

lljBB BiBiBBEBilTnil l 

ieessebsieeiseesiI 

I Mi1EIiaBig!:|cmiIil[iMiTiini l 
-I MiTOflUMliliBilMiliia l 


■■cl.Mg|inMiltlil lilTiTil | 


Case 603B has tab at pint 



CASE 606 (TO-91) 

Ceramic Package 
R0JA = 165° C/W(Tvp) 



NOTF 

, LEADS WITHIN 0 25 mm (0 010) 
TOTAL OF TRUE POSITION AT 
MAXIMUM MATERIAL CONDITION 
(AT BODY) 




IM MiliM iiKnilil'i-W 




All JEDEC dimensions and notes apply 


























CASE 620 

Ceramic Package 
R0JA = 100° C/W(Typ) 







hL ° ^ JLd seating 


■munniiiisi 

—iWiimcllKiIiUM KilUM 

- 


NOTES 

1 LEADSWITHIN013mm(0 005)RADIUS 
OF TRUE POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION' 

2 PKG INDEX NOTCH IN LEAD 
NOTCH IN CERAMIC OR INK DOT' 

3 DIM "L" TO CENTER OF LEADS 
WHEN FORMED PARALLEL’ 








































CASE 623 

Ceramic Package 
R0JA = 53° C/W(Tvp) 





NOTES 

1 DIM "t" TO CENTER OF 
lEADSWHEN FORMED 
PARALLEL 

2 LEADSW|THlN013mm 
(0 005) RADIUSOF TRUE 
POSITIONATSEATING 
PLANE AT MAXIMUM 
MATERIAL CONDITION 
(WHEN FORMED PARALLEL) 



MILLIMETERS 

INCHES 1 

DIM 

MIN 

MAX 

MIN 

MAX 

A 

31 24 

32 77 

1 230 

1 290 

B 

1270 

1549 

0 500 

061Q 

C 

4 06 

5 59 

0 160 

0 220 

D 

041 

0 51 

0 016 

0 020 

F 

1 27 

1 52 

0 050 

0 060 

G 

2 54 

BSC 

0 10( 

BSC 

J 

0 20 

0 30 

0 008 

0012 

K 

2 29 

4 06 

0 090 

0 160 

L 

15 24 BSC 

0 600 BSC 1 

M 

oil 

15» 

QO 

15“ 1 

_JU 

0 51 

127 

0 020 

0 050 1 


CASE 626 

Plastic Package 
R0JA = 100° C/W{Tvp) 



- - A - 



- 


a MiMtawiniii 

iiiwmMiiiHiiiiiinii 
iii WiiiiiiMiri iiMriiiim 

- nag — 

[iBiliTta 


d\ kJ 


NOTES 

1 LEADSWITHIN013mm(0 005) 
RADIUSOFTRUEPOSITION AT 
SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION 

2 DIM"L''T0 CENTER OF 
lEADSWHEN FORMED PARALLEL 


















CASE 646 

Plastic Package 
F>0JA = 100° C/W(Typ) 





CASE 648 

Plastic Package 
R0JA = 100° C/W(Typ) 




I \ 


hI* ^ ^ JLd seating 



_imUi CEra ggM gtm l 

ramRawmii- 


g»aitMiTagii?;iMi?ri!Tri 


NOTE 

1 DIM "no CENTER OF LEADS 
WHEN FORMED PARALLEL 



















CASE 649 

Plastic Package 
R0JA = 90° C/W(Typ) 




—KTBiiiCTaifnaBgi 

■a wmBaiai^BEa 
— ■iEjiiaBiiiiaiiiiira 
■MMi iaijiiaoia 
—tniwiiniiiiBiiMiTffii 

——EM— liM 

■MMiBiaiiHiiiiHiigiirm 


IHXnBiRIKiliyiillililiinil 



NOTES 

1 LEAOS\NlTHlN013mm(0 005) 
RADIUSOFTRUEPOSITIONAT 
SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION 

2 DIMENSION "L”T0 CENTER OF 
LEAOSWHEN FORMED PARALLEL 


CASE 650 

Ceramic Package 
R0JA = 140° C/W(Tvp) 




NOTES 

1 lead no 1 IDENTIFIED BY TAB 
ON LEAD OR DOT ON COVER 

2 LEADS WITHIN 0 13 mm (0 005) 
TOTAL OF TRUE POSITION AT 
MAXIMUM MATERIAL CONDITION 


MILLIMETERS 

INCHES 1 

MIN 

MAX 

MIN 

MAX 

9 40 

1016 

0 320 

0400 

6 22 

6 60 

0 245 

0 260 

1 52 

2 03 

0 060 

0 080 

0 38 

0 48 

0 015 

0 019 

0 08 

015 

0 003 

0 006 

1 2; 

BSC 

0 050 BSC 1 

0 64 

0 89 

0 025 

0 035 

6 35 

9 40 

0 250 

0 370 

18 92 

- 

0 745 

- 


0 51 


0 020 


0 38 


0015 


CASE 690 

Ceramic Package 
R0JA = 100° C/W(Typ) 





i=ilr» -l ,U 


EapsaECTHpl pEEl 

■ ■■iWiBlliMBTiTna gliTFl 
rawraTOMBiwiBWiiii 

OfiUMtOBlililHliligl 


eL. 


NOTE 

1. LEADSWITHIN013mm(0005) RADIUS 
OF TRUE POSITION AT SEATING PLANE 
AT MAXIMUM MATERIAL CONDITION 
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CASE 693 

Ceramic Package 
R0JA = 100° C/W(Typ) 



A -- 

-A A 


r: 

1 

B 

1 









NOTES 

1 LEADSWITHIN013mm{0 005) 
RAD OF TRUE POSITION AT 
SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION 

2 DIMENSION "L" TO CENTER 
OF LEADS WHEN FORMED 
PARALLEL 


■amaiaBEg BEa 

Miareiii BiHa BEa 

■a mi^BiiniiiiiEa 

■mi—tf —f 


CASE 701 

Plastic Package 
R0JA = 100° C/W(Tvp) 


■mmmi 

osniEiiioiEiinsi 

■nom mEaEBHi BEii 

■aKEa^lDi^li^ 

■JiitaiiaiiMmiLai 














CASE 726 

Ceramic Package 
R0JA = lOO® C/W(Typ) 





H-J L-JpU 



B.’.IMM 

CT Konigiiini BEigEEnil 

— EaBKiBKa ijEal 

rammwiCTiiiiira i 

_ _ 


NOTES 

1 LEADS.TRUE POSITIONED 
WITHIN 0.25 mm (0 010) DIA 
AT SEATING PLANE, AT 
MAXIMUM MATERIAL 
CONDITION 

2 DIM "L"T0 CENTER OF 
LEADS WHEN FORMED 
PARALLEL. 

3 DIM "A" 8i''B" INCLUDES 
MENISCUS. 
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MOUNTING 

HARDWARE 

TO-3 


•NO. 6 SHEET METAL SCREWS 
851564F003 


INSULATOR 

(3 OPTIONS AVAILABLE) 
MICA-B52600F011 
FIBERGLASS-B51080A001 
ANODIZED ALUMINUM- 
B51078A001 



POWER TRANSISTOR 
MOTOROLA CASE1 


•NYLON INSULATING 
BUSHING 
B51547F002 > 



CHASSIS OR 
HEAT SINK 


SOCKET 

B51084A001 


• Longer screws (not available from Motorola) and multiple bushings may be required 
for thick chassis or heat sink. 


This hardware is applicable 
to the following packages. 




BACK TEMPLATE 
B51087A002 
















MOUNTING HARDWARE TO-3 


0 519 - U »i 

0 525 

0 050 


0 045 + 0 003 DIA 
/o 144 + 0 003 DIA 
^ (2 HOLES) 0 188 



1 


0.003 TEFLON-COATED 
FIBERGLASS INSULATOR 
B51080A001 


.020 ALUMINUM 
INSULATOR 
B51078A001 



XP PHENOLIC. 
2 HOLES VACUUM WAX 

0 144 VO 003 IMPREGNATED 




0 105TYP\ 0 166 DIA 

\ (2 HOLES) 


.002 MICA 
INSULATOR 
B52600F011 


003\ o^\ 


±0 010 \ / 1 190 


BRASS, 

CADMIUM PLATED 
0 0002 THK 


1 


.U3 ± 003 

DIA 


.177 s:.003 

DIA 


NYLON INSULATING BUSHING 
B51547F002 


TRANSISTOR SOCKET 
B51084A001 



0.080-0.093 ” I ' ' 0.500 ± 0.031 



NO. 6 SHEET METAL SCREW 
B51564F003 



MOUNT ON BACK OF CHASSIS 


,.0 140 DIA\ 188 DIA. 


.0 188 DIA 0 140 DI 


BACK TEMPLATE 
B51087A002 


FRONT TEMPLATE 
B51087A001 
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MOUNTING 

HARDWARE 

T0-220AB 


J 



-J 


n: 






' SECT A A 


0^1 


D-Jl 


-H 



8 


TORQUE REQUIREMENTS 

INSULATED 0.68 N-M (6 IN-LBS) MAX 
NON-INSULATED 0.9 N-M (8 IN-LBS) MAX 


CASE 221A 
TO-220Tvpe 











MOUNTING HARDWARE TO - 220AB 


HEX NUT 
CARBON STEEL 
CADMIUM-PLATED 


■ 


9.53-10 0 

0.375-0.394" 


I 1,14-1.40 —> 

0.045-0.055 

STEEL COMPRESSION 
WASHER 
B52200F005 

RECTANGULAR 
STEEL WASHER 
B09002A001 



[ 4 83-5 33 
0 190-0 210 
21 08 21 59 
0 830-0 850 


HlTf 


241-267 


0 095-0 105 

1 40-1 65 
0 055-0 065 
0 05-0 08 
f 0 002-0 003 


NYLON 

INSULATING BUSHING 


m 




3 58-3 68 
0 141-0 145 


10 16-1041 
0 400-0 410 


5 46-5 72 
0 215-0 225 


1 52-1 62 T 
0 060 0 064 

DIMENSIONS-MILLIMETER (INCH) 

NYLON BUSHING 


I 


111 

\ 

iy 

\n 


L»— D -J 


PART NO. 

DIM A 

DIM 8 

DIM C 

DIM D 

DIM E 

B51547F005 

9 40-9 65 
(0.37a0 380) 

3 84-4 09 
(0.151-0.161) 

2.16-2.41 
(0.085-0 095 

6.10 6.35 
(0.240-0.250) 

1.02-1.27 
(0 040-0.050) 

B51547F015 

5.59-6.10 
(0.220-0 240) 

3.05-3.15 
(0 120-0.124) 

1.57-1 68 
(0 062-0.066) 

3.56-3 66 
(0.140-0 144) 

0.51-0 64 
(0 020.0 025) 


DIM G 


B09490A005 6 12-6 35(0 241-0 250) 


B09490A006 7 67-7 92(0 302-0 3121 


HEX NUT 


DIM H 


6 98-7 34 (0 275-0 289) 


8 74-9 17 (0 344 0 3611 


DIM J 


2 21-2 49 (0 087-0 0981 


2 59-2 90 (0 102-0 114) 


DIM K 


2 84 NOM (0 112 NOIVII 


3 50 NOM (0 138 NOM) 



B09484A034 0 112-40 1 24-1 52 (0 049-0 060) 5 13 MIN (0 202 MINI 4 60-4 75(0 181-0 187) 


B09484A035 0 138-32 2 03 2 36 (0 080-0 093) 6 91 MIN (0 272 MIN) 6 20-6 35(0 244-0 250) 
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APPLICATION NOTE ABSTRACTS 


The application notes listed in this section have been prepared to acquaint the circuits and systems engi¬ 
neer with Motorola Linear integrated circuits and their applications. To obtain copies of the notes, simply list the 
AN number or numbers and send your request on your company letterhead to: Technical Information Center, 
Motorola Semiconductor Products Inc., P.O. Box 20912, Phoenix, Arizona 85036. 


AN-245A An Integrated Core Memory 
Sense Amplifier 

This application note discusses core memories 
and related design considerations for a sense ampli¬ 
fier. Performance and environmental specifications 
for the amplifier design are carefully established so 
that the circuit will work with any computer using 
core memories. The final circuit design is then ana¬ 
lyzed and measured performance is discussed. The 
amplifier features a small uncertainty region (6 mV 
max), adjustable voltage gain, and fast cycle time 
(0.5 ns). 


AN-273A More Value out of Integrated 
Operational Amplifier Data Sheets 

The operational amplifier is rapidly becoming a 
basic building blbck in present day solid state elec¬ 
tronic systems. The purpose of this application note 
is to provide a better understanding of the open loop 
characteristics of the amplifier and their significance 
to overall circuit operation. Also, each parameter is 
defined and reviewed with respect to closed loop 
considerations. The importance of loop gain stability 
and bandwidth is discussed at length. Input offset 
circuits are also reviewed with respect to closed loop 
operation. 


AN-290B Mounting Procedure for, and 
Thermal Aspects of, Thermopad Plastic 
Power Devices 

Many Motorola power devices are now available 
in the Plastic Thermopad packages. Three package 
types are presently available. This application note 
provides information concerning the handling and 
mounting of these packages, as well as information 
on some thermal aspects. 


AN-401 The MC1554 One-Watt Monolithic 
Integrated Circuit Power Amplifier 

This application note discusses four different 
applications for the MC1554, along with a circuit 
description including DC characteristics, frequency 
response, and distortion. A section of the note is also 
devoted to package power dissipation calculations 
including the use of the curves on the power ampli¬ 
fier data sheet. 


AN-404 A Wideband Monolithic Video 
Amplifier 

This note describes the basic principles of AC 
and DC operation of the MC1552G and MC1553G, 
characteristics obtained as a function of the device 
operating modes, and typical circuit applications. 


AN-411 The MC1535 Monolithic Dual Op 
Amp 

This note discusses two dual operational ampli¬ 
fier applications and an input compensation scheme 
for fast slew rate for the MC1535. A complete AC 
and DC circuit analysis is presented in addition to 
many of the pertinent electrical characteristics and 
how they might affect the system performance. 


AN-421 Semiconductor Noise Figure 
Considerations 

A summary of many of the important noise fig¬ 
ure considerations related with the design of low 
noise amplifiers is presented. The basic fundamen¬ 
tals involving noise, noise figure, and noise figure- 
frequency characteristics are then discussed with the 
emphasis on characteristics common to all semicon¬ 
ductors. A brief introduction is made to various 
methods of data sheet presentation of noise figure 
and a summary is given for the various methods of 
measurement. A discussion of low noise circuit de¬ 
sign, utilizing many of the previously discussed 
considerations, is included. 


AN-471 Analog-to-Digital Conversion 
Techniques 

The subject of analog-to-digital conversion and 
many of the techniques that can be used to accom¬ 
plish it are discussed. The paper is written in 
general terms from a system point of view and is 
intended to assist the reader in determining which 
conversion technique is best suited for a given appli¬ 
cation. 


AN-489 Analysis and Basic Operation of 
the MC1695 

The MC1595 monolithic linear four-quadrant 
multiplier is discussed. The equations for the anal¬ 
ysis are given along with performance that is 
characteristic of the device. A few basic applications 
are given to assist the designer in system design. 






APPLICATION NOTE ABSTRACTS (Continued) 


AN-491 Gated Video Amplifier 
Applications Using The MC1545 

This application note reviews the basic operation 
of the MC1545 and discusses some of the more pop¬ 
ular applications for the MC1645. Included are 
several modulator types, temperature compensation 
of the active gate, AGC, gated oscillators, FSK sys¬ 
tems, and single supply operation. 

AN-513 A High Gain Integrated Circuit RF- 
IF Amplifier with Wide Range AGC 

This note describes the operation and application 
of the MC1590G, a monolithic RF-IF amplifier. In¬ 
cluded are several applications for IF amplifiers, a 
mixer, video amplifiers, single and two-stage RF 
amplifiers. 

AN-522 The MC1556 Operational 
Amplifier and its Applications 

This application note discusses the MC1556, a 
second generation, internally compensated mono¬ 
lithic operational amplifier. Particular emphasis is 
placed on its distinct advantages over the early 709- 
type amplifier and the more recent 741-type ampli¬ 
fier. 

Along with a description of its operation this 
note presents a discussion on various applications of 
the MC1556, highlighting its capabilities, and points 
out its characteristics so the reader may make effec¬ 
tive use of the device. 

AN-531 MC1596 Balanced Modulator 

The MC1596 monolithic circuit is a highly versa¬ 
tile communications building block. In this note, 
both theoretical and practical information are given 
to aid the designer in the use of this part. Applica¬ 
tions include modulators for AM, SSB, and 
suppressed carrier AM; demodulators for the pre¬ 
viously mentioned modulation forms; frequency 
doublers and HF/VHF double balanced mixers. 

AN-533 Semiconductors for Plated-Wire 
Memories 

An introduction to the operation and electrical 
characteristics of plated-wire memories is provided 
in conjunction with the applications of semiconduc¬ 
tors that interface with the plated-wire memories. 

Devices discussed include drivers, sense ampli¬ 
fiers, and decoders. Memory organization and 
memory-related semiconductor applications are also' 
mentioned. 

AN-543A Integrated Circuit IF Amplifiers 
for AM/FM and FM Radios 

This application note discusses the design and 
performance of four IF amplifiers using integrated 
circuits. The IF amplifiers discussed include a high 
performance circuit, a circuit utilizing a quadrature 
detector, a composite AM/FM circuit, and an econ¬ 
omy model for use with an external discriminator. 


AN-545 Television Video IF Amplifier 
Using Integrated Circuits 

This applications note considers the require¬ 
ments of the video IF amplifier section of a 
television receiver, and gives working circuit sche¬ 
matics using integrated circuits which have been 
specifically designed for consumer oriented prod¬ 
ucts. The integrated circuits used are the MC1350, 
MC1352, MC1353 and the MC1330. 

AN-547 A High-Speed Dual Differential 
Comparator, The MC1514 

This application note discusses a few of the many 
uses for the MC1514 dual comparator. Many appli¬ 
cations such as sense amplifiers, multibvibrators, 
and peak level detectors are presented. 

AN-553 A New Generation of Integrated 
Avionic Synthesizers 

The need to generate signals of a multitude of 
different frequencies for avionic systems has re¬ 
sulted in complex solutions in the past. With the 
introduction of certain standard product integrated 
circuits, frequency synthesis using digital phase 
locked loop techniques presents a more practical 
solution. Several different types of servo phase 
locked loop systems are discussed and a practical 
design example is given. Results of design examples 
are presented along with possible applications. 

AN-557 Analog-to-Digital Cyclic Converter 

The A/D cyclic converter discussed in this note 
provides medium speed (1-5/xs/ bit) and medium 
accuracy (7 or 8 bits) operation. A Cyclic converter 
uses the successive approximation technique in 
which an unknown analog input voltage is succes¬ 
sively compared to a reference voltage to determine 
each bit of the digital output. 

The cyclic converter offers continuous operation, 
automatic generation of the digital output in Gray- 
code form, and a building block structure. This 
structure uses a separate but identical circuit for 
each resolution bit. The cyclic converter finds use 
primarily in control and process applications. 

AN-559 Simple Ramp A/D Converter 

A simple single ramp A/D converter which incor¬ 
porates a calibration cycle to insure an accuracy of 
12 bits is discussed. The circuit uses standard ICs 
and requires only one precision part—the reference 
voltage used in the calibration. This converter is 
useful in a number of instrumentation and measure¬ 
ment applications. 

AN-564 An ADF Frequency Synthesizer 
Utilizing Phase-Locked Loop Integrated 
Circuits 

This application note describes an IC phase 
locked-loop frequency synthesizer suitable for the 
local osciallator function in aircraft Automatic 
Direction Finder (ADF) equipment. 



APPLICATION NOTE ABSTRACTS (Continued) 


AN-587 Analysis and Design of the Op Amp 
Current Source 

A voltage controlled current source utilizing an 
operational amplifier is discussed. Expressions for 
the transfer function and output impedances are 
developed using both the ideal and non-ideal op 
amp models. A section on analysis of the effects of 
op amp parameters and temperature variations on 
circuit performance is presented. 

AN-590 Servo Motor Drive Amplifiers 

The design of transformerless, AC servo ampli¬ 
fiers using power darlington transistors and IC op 
amps are discussed. Two types of power amplifiers 
are illustrated, one using single -i-28 Volt power sup¬ 
ply, the second using high voltage transistors in 
complementary configuration for operating directly 
off the line. 

Four different op amp preamplifiers and 90° 
phase shifters are also described. 

AN-599 Mounting Techniques for Metal 
Packaged Power Semiconductors 

For cooler, more reliable operation, proper 
mounting procedures must be followed if the inter¬ 
face thermal resistance between the semiconductor 
package and heat sink is to be minimized. Discussed 
are aspects of preparing the mounting surface, using 
thermal compounds, and fastening techniques. Typi¬ 
cal interface thermal resistance is given for a 
number of packages. 

AN-702 High Speed Digital-To-Analog and 
Analog-To-Digital Techniques 

A brief overview of some of the more popular 
techniques for accomplishing D/A and A/D tech¬ 
niques. In particular those techniques which lead 
themselves to high speed conversion. 

AN-703 Designing Digitally-Controlled 
Power Supplies 

This application note shows two design ap¬ 
proaches; a basic low voltage supply using an 
inexpensive MC1723 voltage regulator and a high 
current, high voltage, supply using the MC1466 
floating regulator with optoelectronic isolation. Var¬ 
ious circuit options are shown to allow the designer 
maximum flexibility in an application. 

AN-708A Line Driver and Receiver 
Considerations 

This report discusses many line driver and re¬ 
ceiver design considerations such as system 
description, definition of terms, important parame¬ 
ter measurements, design procedures and 
application examples. An extensive line of devices is 
available from Motorola to provide the designer with 
the tools to implement the data transmission re¬ 
quirements necessary for almost every type of 
transmission system. 


AN-710 Communication System 
Transmission Losses 

This report shows the derivation of the equations 
used to calculate the insertion loss associated with 
various component parts of a communications chan¬ 
nel. The combinations of components form a system 
whose overall loss may not be equal to the sum of 
the losses of the various parts. 

AN-711 The Recovery of Recorded Digital 
Information in Drum, Disk and Tape 
Systems 

The use of magnetic recording techniques has 
long been an important means of sorting digital in¬ 
formation, as evidenced by the wide variety of 
equipment currently in use. Representative systems 
utilize drums, disks and tape as the recording me¬ 
dium. 

All three techniques share the common problem 
of recovering the recorded digital information. The 
analog signal obtained by passing the recording 
medium by a magnetic sensor (Read Head) must be 
converted to a suitable digital format. 

This application note reviews the general prob¬ 
lem and discusses a number of specific circuit 
approaches. 

AN-713 Binary D/A Converters can 
Provide BCD-Coded Conversion 

This note describes the application and use of 
integrated circuit D/A converters for use in provid¬ 
ing a BCD-coded conversion. The technique is 
illustrated using a 2-1/2 digit digital voltmeter. 

AN-714 A Personalized Heart-Rate 
Monitor with Ditigal Readout 

Using the micropower operational amplifier 
MC1776 and CMOS digital integrated circuits, en¬ 
tirely self-contained portable electro-medical 
monitoring equipment can be built. This note de¬ 
tails the construction of a heart-rate monitor giving 
a digital indication, beat-by-beat. 

AN-716 Successive Approximation A/D 
Conversion 

Recent advances in integrated circuit design and 
technology have resulted in reduced cost of high 
performance successive approximation analog to dig¬ 
ital converters. This note describes and illustrates 
two examples of how modern IC components have 
changed this well known technique. 

AN-717 Battery Powered 5-MHz 
Frequency Counter 

This application note describes a battery- 
powered 5-MHz frequency counter using the 
McMOS logic family for low-power operation. The 
basic counter is optimized, at a 12-volt supply for 
maximum performance with a linear input-signal 
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conditioner. Several options are discussed which op¬ 
timize the basic counter for minimum power 
dissipation. These options include a CMOS input 
signal-conditioner and multiplexed LED displays. 


AN-719 A New Approach to Switching 
Regulators 

This article describes a 24-Volt, 3-Ampere 
switching mode supply. It operates at 20 kHz from a 
120 Vac line with an overall efficiency of 70%. New 
techniques are used to shape the load line. The con¬ 
trol portion uses a quad comparator and an opto 
coupler and features short circuit protection. 


AN-720 Interfacing with MECL 10,000 

This article describes some of the MECL circuits 
used to interface with signals not meeting MECL 
input or output requirements. The characteristics of 
these circuits such as; input impedance, output 
drive, gain and bandwidth allow the system designer 
to use these parts to optimize his system. MECL 
interface circuits overcome a problem area of many 
system designs, which is the efficient coupling of 
non-compatible signals. 


AN-732A A Non-Volatile Microprocessor 
Memory Using 4K N-Channel MOS RAMs 

NMOS semiconductor technology has made in¬ 
roads into high density/high performance circuit 
design. The one-chip microprocessor. Random Ac¬ 
cess Memories, and Read Only Memories, are 
changing system implementation from random logic 
designs to software and firmware programmable 
microcomputing systems. Such systems frequently 
require relatively large amounts of memory. 

This paper describes the design of an 8192-byte 
non-volatile Random Access Memory system using 
the MCM6605A 4Kxl RAM. The syste is designed 
to work with the Motorola MC6800, an 8-bit micro¬ 
processor. 


AN-737A Switched Mode Power 
Supplies—Highlighting A 5-V, 40-A Inverter 
Design 

This application note identifies the features of 
various regulator circuits that are in use today in AC 
to DC power supplies. The note also illustrates how 
these circuits may be used as complementary build¬ 
ing blocks in a system design. Primary emphasis is 
on switched mode regulators because they fill the 
present need for energy and space savings. 

A complete 5-V, 40-A line operated inverter sup¬ 
ply is described in detail including design 
procedures for the magnetic components. The in¬ 
verter itself is a “state-of-the-art” design which 
features CMOS logic, high voltage power transistors, 
Schottky rectifiers and an optoelectronic coupler. It 
operates with a full load efficiency of 80% at a fre¬ 
quency of 20 kHz. 


AN-739 A Synthetic Spectrum Tuning 
System for TV 

A tuning system is described which uses a com¬ 
plete spectrum of TV channel markers to achieve 
precise tuning to any channel. 

AN-741 Interface Considerations for 
Numeric Display Systems 

This application note describes several methods 
of multiplexing multi-digit,, seven-segment displays. 
The logic devices illustrated are primarily CMOS 
with two examples describing TTL. The displays 
discussed are liquid crystal, LED, gas discharge, in¬ 
candescent and fluorescent. How to interface 
between the logic and these displays, and what the 
interface considerations are, are described in detail. 

AN-744 A Phase-Locked Loop Tuning 
System for Television 

This note describes a frequency domain tuning 
system which utilizes direct digital countdown of the 
varactor tuner’s local oscillator to obtain the proper 
local oscillator frequency for the channel number 
selected. The system features direct-channel access 
with equal ease of tuning and an exact channel rea¬ 
dout for all VHP and UHF channels. 

AN-746 A 31/2 Digit DVM Using an 
Integrated Circuit Dual Ramp System 

This application note describes the design of a 
3 1 / 2 -digit DVM (digital voltmeter) using the MC1405 
and the MC14435 dual ramp A/D system. The per¬ 
formance criteria is that of a lab quality DVM with 
both 3'/ 2 -digit resolution and accuracy while still 
retaining a low cost and low parts count instrument. 
Features of the DVM include circuitry for a high 
impedance input, autopolarity and overrange indica¬ 
tion. 

AN-751 A Disassociated Intercarrier 
Television Video IF Amplifier 

This application note discusses a unique video IF 
system, incorporating the MC1331, low-level multi¬ 
plier detector. Problem areas in IF design are 
discussed and the specific solutions are shown. 

AN-752 An 80-Watt Switching Regulator 
for CATV and Industrial Applications 

This application note describes a 24-Volt, 3- 
Ampere switching, regulated power supply that op¬ 
erates above 18 kHz from a 40-to 60-Volt, 60-Hz 
square wave source (CATV power line from a ferro- 
resonant transformer) or a dc standby source with 
input output isolation. The control circuit consists 
of a dual operational amplifier and a linear inte¬ 
grated circuit timer which are used to vary the on 
time of a new high-speed power transistor. The cir¬ 
cuit provides good efficiency, good regulation, low 
output ripple and incorporates input and output 
voltage over shutdown protection. 



APPLICATION NOTE ABSTRACTS (Continued) 


AN-757 Analog-to-Digital Conversion 
Techniques with the MC6800 
Microprocessor System 

This application note describes several analog-to- 
digital conversion systems implemented with the 
M6800 microprocessor and external linear and digi¬ 
tal IC’s. Systems consisting of an 8- and 10-bit 
successive approximation approach, as well as dual 
ramp techniques of S'/a-and 4 Va digit BCD and 12- 
bit binary, are shown with flow diagrams, source 
programs and hardware schematics. System tra¬ 
deoffs of the various schemes and programs for 
binary-to-BCD and BCD-to-7 segment code are dis¬ 
cussed. 

AN-760 Application of The MC3416 
Crosspoint Switch 

The operation and application of the MC3416 4 x 
4 balanced crosspoint switch is described in detail. 
Special emphasis is given to balanced switching sys¬ 
tems like those in space division PABX. Discussion 
of the total system design using the MC3416 is also 
included. 

AN-763 The MC1323—A Fully 
Programmable Demodulator 

The MC1323 is a monolithic integrated circuit 
demodulator specifically designed for decoding the 
NTSC color television signal, even when non¬ 
standard receiver display tube phosphor primaries 
are used. The unique design allows independent 
adjustment of demodulator conversion gains and 
demodulation axes. This note describes the circuit 
operation of the MC1323 and several applications 
including low cost driving of unitized gun picture 
tubes and obtaining R-G-B demodulated outputs. 


AN-765 An Approach To A Low-Noise TV 
IF System 

This note describes a technique of measurement 
of the IF contribution and ways of minimization of 
the IF noise. An IF design, following these proce¬ 
dures, is described to meet the desired noise 
performance. 

AN-767 A Line Operated, Regulated 
5V/50A Switching Power Supply 

This application note describes a regulated 220 V 
ac to 5 Vdc converter using high voltage switching 
transistors and Schottky barrier rectifiers. The con¬ 
trol functions are all performed by integrated 
circuits. 

AN-775 M6800 Systems Utilizing the 
MC6875 Clock Generator/Driver 

This application note describes the use of the 
MC6875 clock generator/driver in M6800 based sys¬ 
tems. Design examples will demonstrate the 
capabilities of the driver in systems using slow 
and/or dynamic memories. Multiprocessing and 
DMA methods are also covered. 

AN-781 Revised Data-Interface Standards 

Revised data-interface standards permit faster 
data rates and longer cables. New chips, and RS232 
adapters, simplify their use. 

AN-787 An M6800 Clock System That 
Handles DMA and Memory Refresh Cycle 
Stealing 

Dynamic memory and three-state cycle stealing 
for Direct Memory Access transfers require a clock 
generator and priority logic to maintain proper re¬ 
fresh times of the dynamic MPU and dynamic 
memory. The design presented here demonstrates 
use of the MC6875 clock generator with an MC6800 
MPU. 
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EB-20 Multiplier/Op Amp Circuit Detects 
True RMS 

Two op amps and two multipliers are used in the 
circuit described by EB-20 to obtain the true rms of 
an input voltage ranging from 2 to 10 Vpk. 

EB-21 DAC Key To Inexpensive 2% Digit 
Voltmeter. 

EB-21 presents an idea for the core of an econ¬ 
omical 2% digit voltmeter. Built around Motorola’s 
MC1408 8-bit D/A converter, the meter can measure 
to 2.55 V in 10 mV steps. 

EB-24A Input Buffer Circuits For The 
MC1505 Dual Ramp A-To-D Converter 
Subsystem 

Several bipolar op amp buffers of medium-high 
impedance are described in this bulletin. It also dis¬ 
cusses FET input op amp buffers providing high 
impedance and temperature drift under 1 mV over 
the 0°C to 50° C range. 

EB-50 Build This Simple, Battery-Powered 
3V2 Digit DVM From Standard Parts 

EB-50 describes a simple, battery-powered 3'A 
digit DVM capable of measuring up to 20 volts that 
can be built from readily obtained standard parts. 
Sufficient information is provided to construct the 
circuit including schematic, PC board layout, parts 
list and calibration instructions. 

EB-51 Successive Approximation BCD A/D 
Converter 

A successive approximation A/D converter in 
which a digital-to-analog converter in a feedback 
loop produces a BCD digital output from an analog 
input is described in EB-51. 

EB-52 Control Your Switching Regulator 
With The MC3380 Astable Multivibrator 
Engineering Bulletin EB-52 describes the opera¬ 
tion and characteristics of the MC3380 astable 
multivibrator and details the design of a 200 volt 
switching regulator circuit for gas discharge displays 
using this device as the control element. 


EB-57 An Economical FM Transmitter 
Voice Processor from a Single IC 

An MC3401 Quad OP-Amp is used as a 
Microphone/Modulation interface in an FM trans¬ 
mitter. 

EB-58 Analog Data Acquisition Network 
for Digital Processing Using the MC1405- 
MC14435 A/D System 

An MC1405-MC14435 combination is used to 
form a dual-slope A/D converter for analog data 
acquisition. 

EB-66 A Symmetry Correcting Circuit for 
Use with the MC3420 

EB-66 shows a method of implementing an exter¬ 
nal symmetry-correction circuit with the MC3420 
Switchmode Regulator Control IC to insure bal¬ 
anced operation of the power transformer in push- 
pull inverter configurations. 

EB-78 NEW ICs In Switching Supplies 

This bulletin describes a regulated 220 Vac to 5 
Vdc converter design incorporating the MC3420 and 
MC3423 for the control and ancillary functions. 

EB-85 Full-Bridge Switching Power 
Supplies 

This bulletin provides selection information on 
devices for a full-bridge configuration supply in the 
500-1000 watt power range. 

EB-86 Half-Bridge Switching Power 
Supplies 

This bulletin provides selection information on 
devices for a half-bridge configuration supply in the 
100-500 watt power range. 

EB-87 Flyback Switching Power Supplies 
This bulletin provides selection information on 
devices for a flyback configuration supply in the 
100-250 watt power range. 

EB-88 Push-Pull Switching Power Supplies 

This bulletin provides selection information on 
devices for a push-pull configuration supply in the 
100-500 watt power range. 
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